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In accordance with Counter-Insurgency Directive 24A-156-75 the 
following report is forwarded. Please be advised that this initial 
evaluation covers only an overview of weapons and weapon systems used 
by and against operational personnel in the Northern districts of 
Mexico during August, 1979. (Bridge City 16-790-9) 

For additional information on specific weapons refer to 
FSTC-CW-07-1-69. 

Pim(r 

David Fischer 
Senior Field Agent 
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MAUSER HSC 

The Hauser HSC was designed during the 1930's for use as a 
mil ita ry- Police weapon. In general it Is a well designed and 

effective pistol. Its primary drawback is that it is chambered 
for the relatively weak 7.65inn cartridge. A threaded barrel was 
available to attach a silencer. 

Caliber - 7.65 mm 

System - Blowback, automatic 

Feed device - 8 round detachable box magazine 

Weight - 1.3 lb. 

Muzzle velocity - 950 feet per second 
Effective range - 50 meters 




HP-6 Spanish Super AZltL^ 7.63 mn 

The Spanish Super Azul is an exact copy of the early mauser 
HP 1932 selective fire pistol without locking selector switches. 
The Azul was widely distributed corrmercially before W.W.II and 
many have made their way into the United States and Latin America. 

Caliber - 7.63 mm 

System - recoil, selective fire 

Feed device - 10 rd, or 20 rd. detachable box magazines 
Weight - 2.93 1b. 

Muzzle velocity - 1575 feet per second 
Effective range - 100 meters 




AK-47 Automat Kalashnikov 



The years following W.W.II saw the Russians with the need to replace 
their aging submachine guns (PPSH41Y PPS43) and the variety of rifles still 
in service. The AK-47 filled their needs so well that more than 30 million 
have been produced since (the production figure includes variations) 

The AK-47 is far more accurate at a longer range than the Israeli Uzi, 
British Sten, or U.S. M3-A1 "Grease Gun". It will hold a six inch group at 
100 yards, about one-half the group size of conventional sub-machine guns. 
The AK-47 is usually found in two versions, one with a wooden stock and one 
with a folding metal stock. 

The AK-47 frequently turns up in small guerilla wars around the world. 
One of the greatest attributes of the AK-47 is its ability to function under 
adverse conditions. Even when rarely cleaned and firing "corroded" 
ammunition it continues to be an effective weapon. 

AK-Assault Rifle 

Caliber: 7.62 mm Weight 10 1/2 lbs. 

System: gas, selective fire Muzzle velocity: 2330 F.P.S. 

Feed device: 30-rd. detachable box magazine Rate of Fire 600 r.p.m. 
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Browning High Power 35 pistol 

This was the last pistol designed by John Browning. Though in 
design and function it is very similar to the Colt .45 1911A1 
(Browning designed) there are major differences. The High Power 
was used extensively during W.W.II by the British and Canadian 
governments, and is still the main service si dearm in those 
countries. Models are frequently found with tangential sights 
and detachable shoulder stocks. The effectiveness and availability 
of the 9 mm cartridge has made this a highly desirable sidearm in 
most countries outside the U.S. 

Caliber - 9 mm parabellum Weight - 0.8 kg. 

System - recoil Muzzle velocity - 450 meters per second 

Feed device - 13 round detachable box magazine Effective range - 70 meters 




CZ-50 Pistol 

The model 1950 pistol is no longer in service with the 
Czechoslovakian army. Large numbers of these weapons have 
given to the "emerging" and third world nations. The CZ-50 
frequently encountered in both Africa and South America. 




Caliber - 7.65 mm (pistol) Weight - 1.5 lb. 

System - blowback, semi-automatic Muzzle velocity - 919 feet per second 

Feed device - 8 round removeable box magazine Effective range - 50 meters 
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Browning .30 Cal Machine Gun 

The original design dates from 1910, but the design was 
finally adopted by the Army in 1917. Early versions were water 
cooled, but these have been obsolete for years - though occasionally 
found in use in third world nation. 

The excellent air cooled version was replaced by the M-60 
machinegun in the 1960's. It is, however, still used as secondary 
armament in armoured vehicles or for infantry use with a wide 
variety of tripod mounts. 

Caliber - 30 in. 

System - recoil operated 

Feed device - 250 round fabric belt, or disintegrating link belt 
Weight - 14 kg. 

Muzzle velocity - 850 meters per second 
Effective range - 900 meters 




Leftist Guerilla Found Armed With AK-47 
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FN-FAL rifle (Fabrique Nationals Herstal Belgium) 

The FAL is the most successful of all assault rifles developed 
since World War H. With minor modifications it is in use by more 
than 65 countries around the world. The FAL is a selective fire 
weapon that fires from a closed bolt. Two variations of the rifle 
are in general use - one with a fixed stock and one with a folding 
stock. 

Caliber - 7,62mm 
System - Gas 

Feeding device - 20 round detachable box magazine 
Weight - 4.5 kg. 

Muzzle velocity - 730 meter per second 
Effective range - 500 meters 




The 9 MM UZI submachinegun was developed by an Israeli army 
officer during the early 1950's. The design seems to have been 
influenced by the Czech H-23 submachinegun; however, the UZI has 
several novel features for a submachinegun; A bayonet and a spigot 
type grenade launcher. The UZI is considered to be an extremely 
reliable weapon. 

The UZI is manufactured in Israel and Belgium. It is a 
standard weapon in Israel, W, Germany and the Netherlands. It is 
also carried by members of the U.S. Secret Service. 



Cal iber - 9 mm 
System - blowback 

Feed device - 25 rd., 32 rd., or 40 rd. detachable box magazine 
Weight - 8.3 lbs. 

Muzzle velocity - 435 meters per second 
Effective range - 200 meters 
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Remains Of Guerilla Found Armed With FAL 







The Skorpion is a true machine pistol. The highly conceal able 
Skorpion was designed for use by armoured vehicle crews. Though it 
fires a relatively weak cartridge, the weapon is highly functional 
and is in general service with Czechoslovakian troops. The weapon 
has recently began turning up in Africa and South America. 



Caliber - 7.65 mr 

System ' blowback, selective fire 

Feed device - ID or 20 round detachable box type 

Weight - 1.31 kg. 

Muzzle velocity - 305 meter per second 
Effective range - 50 to 75 meters 



Guerilla Found Armed With CZ-50 
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U.S. M-16 (CoTt Industries) 

The M-16 was developed in the late 1950's. To date more than 
2 1/2 mill ion have been produced. The U,S. Army proved its value 
for jungle warfare conclusively during the Viet Nam era. The rifle 
is now standard issue with nearly all U.S, Forces, Because of their 
wide spread distribution the weapons are frequently on the black 
market and are commonly encountered among guerilla units South of 
the border. 

Caliber - 5,56 rrm 
System - Gas 

Feed device - 20 rd. and 30 rd, box type 
Weight - 2.9 kg 

Muzzle velocity - 990 meters per second 
Effective range - 400 meters 




most modern military weapons - The original Browning has been 
copied more than any other single pistol. The weapon has seen 
service in every war in which the 0.5, has participated since 
W.W.I, Modifications and improvements were made to the gun in 
the 1920's and the designation was changed to M-1911A1. The . 
ACP pistol Is the premier military pistol in the world. It is 
highly accurate and hits with a punch remini cent of a slow 
moving freight train. 



Caliber - ,45 acp 
System - recoil 

Feed device - 7 round detachable box magazine 
Weight - 1,1 kg. 

Muzzle velocity - 250 meters per second 
Effective range - 50 yards 



— I 





The KAC-10 is a lights compact, durable and accurate submachine 
gun. It rnay very possibly be the most effective submachine gun in 
the world. With a fitted sound and flash supressor it is an ideal 
personal weapon for clandestine operations. It is currently in use 
with agencies of the U,S. Government as well as numerous countries 
around the world. 

Caliber - ,45 
System - blowback 

Feed device - 30 round detachable box type 
Weight - 2,8 kg 

Muzzle velocity - 850 Feet per second 
Effective range - 75 meters 



Laco Laser Sight 

The Laco sight is one of the first successful applications of 
laser technology to small arms sights. The self contained laser 
unit projects a laser beam over a long distance with a relatively 
minor increase in the dispersion pattern. Within the effective 
range of the weapon it is mounted upon the laser beam remains a 
small pencil head size dot. 

The combination of a Laco Laser sight, telescopic sight, and 
properly sighted in high powered rifle is devastating. In a 
properly alligned weapon system the laser beam accurately predicts 
the impact point of the bullet at a given range. 
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Remington 40-XB 

The Remington Model 40-XB silenced rifle is completely hand fitted 
and tested before it is shipped. Its accuracy is guaranteed by the 
factory. This is perhaps the finest counter sniper weapon available 
for intermediate and longer ranges. The SIONICS silencer effectively 
muffles the report and camouflages the position of the rifleman. The 
Automatic Ranging Telescope provides almost certain first TOund hits 
anywhere within the effective range of the weapon. 

Caliber - .308 
System - bolt action 
Effective Range - 600 meters 



" Starlight Scope " (U.S. Army scope AN/PVS-8) 

The "Starlight" scope is a portable, hand held, electro-optical 
instrument, designed for passive use in visual observation, and as a 
night sight. Even a minimal amount of starlight or moonlight is 
sufficient to give a surprisingly good picture. The "Starlight" scope 
was developed for the Viet Nam conflict. It was extensively used 
there in counterinsurgency operations with a great deal of success. 

The scope may also be fitted to most current military weapons for use 
as a night sight. 

Weight - 2.7 kg. 

Magnification - 4 power 
Range ^ 400 meter moonlight 
300 meter starlight 



Smith and Wesson Model 53 

The .41 magnum model 58 is a vicious and effective weapon. 
While made ostensibly for the military police in the U.S., its main 
purpose is as a combat weapon. The .41 magnum is an ideal com- 
promise between the .357 magnum and .44 magnum. It retains the 
strong points of each cartridge and few of the drawbacks. As a 
"man killer" it is frequently the choice of mercenarys and other 
professional gunmen. 

Caliber - 41 magnum 

System - double action revolver, 4" barrel 
Feed device - 6 shot cylinder 
Weight - 2 1/2 lbs. 

Muzzle velocity - 1300 feet per second 
Effective range - 50 yds. 
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DON’T BE AN IDIOT! READ THIS FIRST 

This book is power. Whether you ^pply it against your enemies or 
yourself is up to you. The best way to insure your safety and your abil- 
ity to use this power is to study each book in this volume before trying 
any process. 

Otherwise j you might spend a long time in the hospital pondering your 
stupidity, as I did. On September 29, 1969, I wanted to re -prime some 
shotgun shells. I wanted a powder which exploded by concussion. The in- 
gredients for paper caps seemed the ideal medium. 

T looked up the formula for paper caps in Weingart's Pyrotechnics, 
under ’’Japanese or Cap Torpedoes" . The formula called for potassium 
chlorate, sulphur, chalk and amorphous (red) phosphorous. The formula 
plainly said to moisten the ingredients before mixing. In my ignorance, 

I believed this was necessary only so as to drop the mixture on paper so 
it would dry in little mounds. 

Since I wanted it as a dry powder to pour into holes made in the pri- 
mers, I used no water. While bolding a plastic medicine bottle in my 
left hand I mixed less than a half ounce of potassium chlorate with sul- 
phur, chalk and a small amount of red phosphorous. Suddenly my left hand 
was fingerless hamburger and X was also legally blind for several awful 
months . 

Had I read the whole book before trying to make the priming powder, I 
would have learned that x>otassium chlorate can often explode spontane- 
ously by dry mixture with sulphur; and with dry red phosphorous, every 
time, I learned the hard way and 1 don’t want you to share any such ex- 
perience. I didn't have the overview then that I have now. 

I'm often bothered by readers of my works who have not completely 
read the book they are working from. They say they tried a process and 
it didn’t work. They’re like the man who doesn’t know his way around the 
kitchen but tries to bake a three layer cake, with icing yet. He follows 
the recipe from the cookbook but still winds with a terrible mess and an 
enraged wife. No overview. 

Another example of a fool who acts without an overview is the relig- 
ious fanatic. This is the person who has never really read the Torah, 
Bible, Koran, etc, , and pondered all its concepts before inflicting him- 
self on others. No. Although he reads avidly, he is merely scanning the 
material looking for passages to reinforce his own prejudices. 

The best example of this lack of an overview is the Moslem terrorist, 
Islam is actually a peaceful religion. But this dope has never really 
read the Koran and pondered its concepts. He gets his religion from pow- 
er-mad, hypocritical mullahs and so tries to bomb the world back to the 
seventh century. If every sand monkey would read the Koran from cover to 
cover, learning what it says, rather than what others say it says, there 
would be no Islamic terrorism. 

Possibly more important than anything you might learn from this book 
is how to study it. First, read every word in the index. Unconciously , 
this will feed data into your brain and give you a subconcious overview 
of the subject. It will also help you later to find subjects which are 
not cross-indexed to your satisfaction. 

Next, read the entire book from the first page through to the last. 

Do this even if you don’t think yon can understand it. It’s like study- 
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ing a for&ign language you can't understand and don’t think you ever 
will. At a certain pointy and all ot a sudden, ideas and concepts start 
falling into place and you know. You'd be surprised how much your brain 
can absorb, and will by the tin>e you've finished the book. And don't 
just breeze through it. When you coire to a word you don’t understand, 
look it up, 

When ^ you come to a paragraph you don't understand, read it over. May 
be it will become clearer if you reread the previous paragraph. If that 
doesn't help, read the next paragraph. At any rate, try and then go on. 
Your brain will work on the unregistering concept as you forge ahead. 

By the time you’ve struggled through the whole book you will know 
much more about the subject than you did when you started. Also, your 
higher conciousness will then send an alarm if you are drastically mis- 
taken during working a process, unless you are pre-programmed to self- 
destruction in the first place. 

Although a college course in chemistry is helpful, it is not essen- 
tial. Also, college courses tend to be based on high school chemistry 
Courses which you might not have had, and with a teacher who has no pat 
ience with beginners. 

Host of my books contain material written years ago for people with 
tio higher education. Better to teach yourself from them than to guit in 
confusion and frustration because of classes for those used to formal 
study , 

Of course, if you are young, get all the formal education on those 
studies you ^ have time for. But whether formally or self-educated, read 
every word in the book. Otherwise you'll be like the karate student who 
gets thrashed by a street punk, or other educated fools who learn only 
enough to impress the ignorant, including themselves. 



KNOWLEDGE IS POWER 

Knowledge sets man apart from the beasts and above them all. It is 
knowledge alone, not money nor force, which secures money and force for 
the knowledgeable man, while the dull-witted lose whatever they’ve come 
by through luck or conniving. 

As world civilizations decline and the presently powerful and afflu- 
ent are reduced to heggery and helplessness, the owners of these 
volumes holding a veritable storehouse of both industrial and military 
power will survive to form dynasties. 



Pages 3 and 4 are, intent lonaly omitted 
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THE POOR MAN'S ARMORER 




Fl'AiNG PIN HOUSING 



FIRING PIN SPRINS 



M 2 AAI PRIMER 



firing PIN CARLE 



BLACK POWDCR 



FLASH TUBE 






Fiifurell. ^ W I 

Rockel motor ifnition vyttem. j Black powder 

(SEE PAGE 48) \ / iCNiTEB 

Optimun accuracy for bazooka 
rockets is achieved when the motor's 
entire thrust occurs while the 
rocket is still within the launch 
tube. When it leaves the launcher, 
the rocket is then coasting toward 
the target, without power, much like 
a bullet fired from a conventional 
firearm. This eliminates the wobble 
that results from a sudden increase 
in the motor's thrust while the 
rocket is In free flight. 

This "ideal" system is not prac- 
tical for use with one man recoil - 
less shoulder launchers for one or 
more of the following reasons; it 
requires an extremely long and 
cumbersome launch tube, an ultra 
light rocket that may be easily de- 
flected by crosswinds, or a motor 
that delivers its entire thrust al- 
most instantaneously. Ignition of 



ROCKET MOTOR 



PROPELLANT 

such a motor would actually be clo- 
ser to a small ex“plosion. This is 
dangerous, unnerving, and hard to 
regulate. 

The next best solution in terms 
of both safety and accuracy is the 
blowout igniter system used on the 
LAAW Rocket K 72A1 and M72A2 (see 
PMA Vol.l #4/pp 64). 

In this type of system, the noz- 
zle of the rocket motor is sealed 
with an ignitor plug that pops out 
when the motor generates a prede- 
termined amount of pressure. Al- 
though the motor is still burning 
when the rocket exits the tube, it 
has reached both peak thrust and a 
steady burning rate. This steady 
thrust will tend to push the rocket 
in a relatively straight line with- 
out the sudden bursts of power that 
destabilize conventional bazooka 
rounds. 




POOR MAM'S JAMES BOND Vol , 2 



6 



THE POOR MAN'S ARMORER 



TheOnlyMagaxineOt Improvised Weaponry ». » 
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COMBAT RSTOL TARGET 

By Cfcyde Barrow 




Pictured Is a diagram of an excellent 
target to usa when pracllc^ng 
defensive shooting with a pistol . A 
wide black felt tip pen is used to lay 
out several targets on 18 inch X ^ 
inch pieces of corrugated cardboard^ 
following the measurements given in 
the drawing. 

These targets are hung from a piece 
o1 claihesiine about 25 yards from the 
shooter. The ailhouettes may be used 
singularly^ In groups of two or throe, 
or even more if you anticipate a gun 
fight with a band o1 desparados^ 



Any hit in the 10 Inch circle Is a 
score, as this is the area containing 
the rnajoriiy ol the vital Organa o1 the 
human body. . 

Alter each round of shooting, bullet 
holes can be repaired with pieces of 
maatdng tape and the lines touched up 
with a felt pen. 

The diagonal lines Increase the 
visibility Of the target In poor light, 
arid unlike the solid black of 
conventional targets, each htt can be 
easily seen, even several feet from the 
target. 

POPULAR MECHANICS 1913 

To Explode Powder with Electricity 
A 1-in, hole was bored ■in the center 
of a 2-in. square block. Two finishing- 

nails were driven 

ia^ as shown in 
the sketch. 
These were, con- 
nected to fermi"* 
tials of an induc- 
tion ™f. After 
everything w a a 
ready the pow- 
was poured 
in the hole and a 
board weighted with rocks placed over 
the block. When the button \s press^ 
or the circuit closed in some olher way 
the discharge occurs- The distance 
between the nail points — which must 
be bright and clean — should be just 
enough to give a good, fat $park- — 




A Small Bench Lathe Made of Plpa| 
Plttitigs 



POPULAR MECHANICS 191 3 

The most importaiit machine in use 
in the modern machine or wood-work- 
ing shop is the lathe. The use;s to 
which this wonderful machtne can be 




Fubllahflt - l£urt Saxon 
iSn Ktrt Sma 



put would be too numerous to describe* 
but there is hardly a. mechanical oper- 
ation in which the turning Jathe does 
not figure. For this reason every ama- 
teur mechanic and wood-worker vi'ho 
has a workshops no matter how small, 
is aEucioue to 1 XUSCBS a lathe of eome 
9ort^ A good and substantial home- 
made lathe, which ia suitable for wood- 
turning and light meUl work^ may be 
constructed, from pipe and pipe fit- 
tings as shown in the accompanying 
sketch. 

The bed of this lathe Is made of a 

f lece of I-in^ about 80. jn« long, 
t ^an be made longer or shorter^ but 
If it is made much longer, a larger 
size of pipe should be used. The head- 
stock IS made of two tees^ joined by a 
standard long nipple as shown in Fig- 1* 
All the joints should be screwed 
up tight and then fastened with VW"' 
pins to keep them from turning^ The^ 
ends of the bed are hxed to the base- 
boai^ by means of elbows^ nipples and 
flanges arranged as shown. The two 
bearings in the lieadstock are of brass. 
The spindle hole should be drilled and 
learned after they arc screwed in place 
in the tee. The spindle should be of 
steel and long enough to reach through 
the bearing and pulley and have 
enough end left for the center point- 
The point should extend about in, 
out from the collar. The collar can be 
turned or shrunk on the spindle as de-^ 
sired. The end of the spindle should, 
be threaded to receive a chuck. 

The tailstock is also made of two 
tees joined by a nipple. ^The lower tee 
should be bored out for a sliding bt 
on the bed pipe. The upper one should 
be tapped with a machine tap for the 
spindle which h threaded to fit it. The 
splpdle has a 
handfe fitted at 
one end and has 
the other end 
bored out for the 
ficf a tailstock ^^ebter.. 

Both the tailstock and the headstock 
centerpointa should be hardened. A 
clamp for holding the tailstock spindle 
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IS made of a piece of strap iron, bent 
and drilled as shown. It ia held to- 
gether by means of a small machine 
screw and a knurled nut. The tee 
should have £ slot cut in h about one^ 
half its length and It should also have 
one bead hied away so that the clamp 
will ht tightly over it 
The hand rest is made from a taper- 
ing elbow, a tee and a for]gii>g. The 
forging can be made by a blacksmith 
at a small expense. Both the lower 
tees of the hand- 
rest and the tail- 
stock should be 
Wfr* provided With 
screw damps to hold them in place;. 
The pulley is made gl hardwood 
pieces, or I in. thick as desired. It 
ts fastened to the spindle by means of 
a screw, as shown in S, or a key 
can be used as wcU. 

Care must be taken to get the tail- 



stock center vertically over the bed^ 
else taper turning will result. To do 
this^ a straight line should he scratched. 



AOjuIT^SU OlocntA 




ru^4-Owtk 



on the top of the bed pipe:^ and when 
the lailstock. is set exactly verticAl, t\ 
corresponding line made on this, 'i'liis 
will, save a great deal of time and 
trouble and possibly some errors. 

The two designs of chucks shown ii^ 
Figs. 3 and 4 are very easy to make, 
and will answer for a great variety 
work- 



BARGAIN BUGGING 

By Clyde Barrow 

When h Is necessary to record your 
conversation with another person or 
his conversation with a third party 
after your depaiiure, a ''bug" can be 
hidden in your pocket and may be left 
at the scene. The bug transmits to a 
receiver/ tape recorder setup In your 
nerarby parked car or carried by your 
sasocLate who places hlmeelf as dose 
to the scene of conversation es 
possible; outside an office. In an 
adjoining room, etc. 

The simplest method uses two 



wsikia talkies. Adequate ones are 
available for about 125 from any radio 
and electronics store. These units are 
small enough to carry In a coat pocket 
or may be taped to your lag^ The 
transmit button Is taped down, and 
your conversation is broadcasted to 
the companion unit which. receives the 
signal' and transfers it to the tape 
machine either by microphone or wire 
connection. If the walkie talkie is too 
bulky tc hide on your person or leave 
at the scene, e "wireiess mini mike"' 
can be used. These units are available 
for S25 from security suppliers or for 
114 direct from the manufacturer. 
These units are miniature radio 
transmitters that broadcast on the FM 
band. The ''mike^' should be tuned to 



broadcast on an unused portion of the 
band, thus lessening the chance that 
the conversation might be monitored. 
The chances of being overheard are 
Blight anyway^ as the range is only 
■bout 300 Feet outside end less than 
100 feet If the signal must pass 
Ihrough the walls of a building. 

After an open spot on the FM band 
la found end the trshSmitter tuned 
loocnplete Instructions are Included 
wlUi the mike} a portable FM radio Is 
tuned to the same frequency. The 
mdto la turned on and Is connected to 
atsperaoorder with a phone Jack. One 
It plugged Into the speaker outlet 
bn the radio. The other end Is plugged 
toto the Input lack on the tape 
meoWne. Inaert a blank 120 minute 
top* tea mlnJeldej and press the 
button^ Profeastonal survehi- 
•fcoa people uaa modified cassette 
that turn very slowly^ 
aJIowing about 9 hours of recording. 
An existing machine cen be so 
modified by installing a rheostat 
switch to control the speed of the 
motor In the tape recorder. 




NEW SUBMINlATUnE FM WTlREtESS 
HkCROPHONE 



If left on the scene the wireless mike 
will continue to transmit for about SO 
hours. It can be attaohad to the 
bottom of a desk or chair with a piece 
of tape or ribbon epoxy or hidden in a 
paper bag and placed in a convenient 
waste basket. 

The one drawback to this 
transmitter is Ihs short battery life. 
This Is a result of the unit being 
constantly ^n*' as long as the battery 
is in place. Anyone with a fair amount 
of electronic skill cen tap Into the 
battery circuit of the mike and Install a 
voice activated switch on the bug. 
This adds little bulk and afiows the 
bug to furtotion for weeks. The bug 
transmits onEy when conversation In 
the room triggers the voice estivated 
Switch. When the corivefBation 
ceases^ the unit remain a on for five 
seconds and than switches off. This is 
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thetypfl of system Didk NI)ton uMd to 
oul hlQ Own throat during lha daya of 
Watargate, A a^milar vote* activated 
switch can be InataJled between the 



radio and tape mechine. Thia will 
allow the tape machine to ramaln off 
until e aignal la received from the 
radio. 




HOW TO BLACKEN METAL 
By Clyde Barrow 

Many of your knife and gun parlBp 
beft buckleflp and various other pieces 
of hardware are probably made of 
polished metal. You may look like a 
walking signal mirror as you stalk 
through the woods or sleaze around in 
dark alley s- 

Any metal surface can be blackened 
temporarily with C9B Gun Sight B^ack- 
This Is a spray on dull black pa^nt that 
washes off with guh aolvent. Sight 
Black leaves no residue and wont 
harm the sutfece. tt rubs easily and 
muat be constantly touched up. 

Chrome and stalnfess stael can only 
be blackened with epoxy palnL Get 
the best you can afford^ Epoxy does 
chip off and must be retouched 
periodically. 

Aluminum can be blackened 
permanently only by anodizing. It Is 
expensive and few metal shops do this 
ty^of work. (Kow to anodize at home 
will appear In a lalar Issue.) Baveral 
gun accessory firms self Ajumlnum 
Black. This product contains teHurtum 
dioxibep fluoboric acid, nickel sulfate 
and copper sulfate. The solution 



produces a chalky btack surface that 
looks great, but scratchas and waars 
off easily. Pairts that receive a lot of 
handling or abrasion wlh have to be 
touched up every few days^ 

Carton Steel and brass parts can 
effectively blackened with one of the 
commercial touch up bluea cunwitly 
on the market. These are a cold type 
bluing, wipe on and rinse off, 
should not be confused with 
commercial hot blumg which requires 
large tanks of chemicals and assertad 
paraphehalia. Cold blue fs designed 
to be used to touch up scratches and 
worn spots on ar^ exlstlnp blue job. ff 
cold blue le used to color a ta^e area* 
such as a knifo biade. It wilt often 
appear blotchy and uhavwi. this Is not 
good at gun shewe, but matters little, 
tor our purposes here. Cold blue will 
wear off In time, but a coat of Pledge: 
or similar furniture polish will aes) the 
surface and help to protect llw finish. 
A light cost of oil will also protect a 
new cold blue from the elements. 

The iradltonal inmtary finish for 
ateel la a black or gray matte finlah 
known aa Parkerizingi A complete 
article on this procaas will appear In a 
future issuen 



C02 BOMB 

By Clyde Bsitow 

Empty C02 cartrlc^es can be used 
aa mini bombs or gnanadee* either 
singly or tri groups atl^hed to a 
oenlrat pipe bomb ot grenade device. 

A 3MB Inch diameter hole la drilled 
Into the neck of the cartridge. A small 
funnel Is used to fill the bornb with 
black or emokeless powder. A section 



of 3^ IB Inch dimeter esnnon and 
hobby fuse is now glued Into the hole 
8a sure to cut the ends on a diagonal. 
This will aeaura positive Ignition of the 
powder. If a fragmentation effect Is 
desired, a layer of flnl^ nails or tacks 
Is taped to the outside of the 
cartridge. The nails may first be 
dipped In poison If desired. A 
fragmentation device capable of large 
distribution cart be nude by taping 
several of these small bombs to a 



central pipe bornb or grenade. The 
fuses of the Individual bombs are 
trimmed to lha same length and the 
ends to be tit are held together loosely 
with a rubber band. These fuses 
should be set to bum several seconds 
toff^er than the main bomb or grenade 
fuse. After all fuses are lit, the unit Is 
thrown or ahpt from a launcher. When 
the main bomb explodes, the mini 
bombs wilt beecattered through the 
air over a wide end then a few 
seconds laterp each bomb will explode 
Individuelly- Each of these mini 
bombs will in turn spray their 
respective areas whh shrapnel. 

The fuse should aTways be tested 
beforehand to determine the spedflo 
burning rate. £ach new roll of fuse 
should be leetedt as the burning rate 
may vary from one roll to another. 

Nunchaku 

By Datvis McCoy 

Whan Japan Invodod and oocupiod 
Okinawa soma 350 yaara aoo^ 
posaMsion of any vnapon by an 
Okinawan was fo/Mddan. So tht 
Okinawans^ had to turn to Improvising 
weapons from common tools, aa 
Amanfeans will somsday hava to do. 
0ns such waapon was tha nunchsfcu^ 
a tool usad by the fanmara to pound 
their grain. It oonalsted of two sticka 
tiad togathar by a ropa or cord, making 
it tha most varaatile and wickad 
hand-to-hand waapon over devisad. 
The nunchaku oan be usad aa a club, a 
flail, or a garroie, and can ba msata,^ 
at homo with only a few hours 
practica. It can bd made with matadila 
easily had from any lumbar yard or 
hardware store. When usad as a Mall or 
whiplash clubf tha sulking and 
reaches speeds of over 100 m.p.h. 
Whan usad aa a garrote, each stick 
uses the other for levarago, creating a 
vlaailkagarrote. 

To maka ona, take a placa of 1 Mi 
Inch diameter dowel 31 Inches long 
and cut In half, aach pieca than baing 
1G 1 f2 Inchaa long.. Now drill a hola 
Into tha and of each place to a depth 
about Ihrae Inohas. Tha hola ahould 
be juat wido enough to aocommo^a 
a nylon rope, which Is the bast for thia 
purpoaa. How drill Into the sida of tha 
dowel to intarsact the and of the other 
hola, but big enough to hold the rope 
doubled. You should now have one 
“L" shaped hole. Now insert tha end of 
tha ropa through the and of tha dowal 
and pull through the fargar hole. 
Double tha rope and and fuse the 
doubled Btranda togathar with a 
match. Now repeat tha process with 
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the other atlck, u»ing the other «nd of 
the rope^ leaving about five tnchfa 
between the two aticka. The fused 
atfands should fit Into the hote, 
leaving nothing atfokirvg out. A sample 
knot cDuld.be tied In the ends of the 
ropee Instead of burning them with, the 
meichee. 




The nunchaku Js used ae a flail by 
bolding~ one of the eticka about 
midwayp thumb poinbng toward the 
rope, ft can be swung from a banging 
poftttlonp with the other end either 
hanging backward over the same 
Bhoulderp or from the under arm 
position, like fn the movies. For the 
underarm positionp the striking end fs 
held firmly h the armpit, and released 
with a sudden snap at ihe victim's 
temple or riba. Yqyr own Imaglnatlonn 
is the limit to the numberDf ways end 
melhods of striking that can be uead^ 

Moat Btore-bougM nunchakus come 
with chains instead of rope, but 
chains are noisy and are not worth the 
effort. 

When you have practiced enough to 
keep from baahing ^youraelf In the 
forehead, take a block pierw end p^e 
dU the roundness of the dowel, 
making It Into a hexagon. When these 
edges hit a victim, the pouruts per 
square Inch are much de^Her than 
those delivered by a round object. 

The rturtchaku is very superior to the 
yawara stick for several reasons. It has 
a much greater reach. It hits harder 
due to the whlplaah effect, and It does 
more damage because of tha sdgaa 
left after pJanIng off the curves. It can 
be used as a regular club by holding 
the two sticks together; and wtvsn you 
rea:llzethat the club you are holding ts 
also effective aa a garrote, with rto 
modification, you begin to naaliza that 
you hold the world's most effective 
hand-to-hand weapon^ 



SWITCHES 
By Giyde Barrow 

A f^imple pull swUch for use In 
burglar alarms, booby traps and for 
erming bombs can be made from a 
spring clothespin, a wood or plastic 
wedge, and a puli wire or string. [See 
drawing #1}. 

First strip the Insullation from the 
ends of the two circuit wires end wrep 



them lightly around the two Jaws of 
the cfotheapln. The bare wiri^s should 
touch and close the circuit whan the 
clothespin Is in a relaxed position. To 
hold the circuit ir^ an open position, a 
wedga of some non-conductive 
material Such as wood or plastic is 
inserted between the Jaws. A pull wire 
is attached tc the wedge. When the 
wire Is pulled, the wedge Is pulled free 
and the clothespin snaps shut, 
completing the circuU. The switch is 
mounted to a solid surface by driving a 
nail through the hole In the clothespin 
spring. 

The one drawback to the above 
system Is the easewith which It can be 
disarmed. U the subject should spot 
the wine, he can simply cut it and 
proceed about his business. A failsafe 
switch to foil these sneaky types Is 
shown Is drawing 

A hacksaw blade or similar flexible 
strip of conductive metal Is secured to 
a board with three nails {a, b, and c) as 
shown. One of the two circuit wires is 
now attached to this end of the metai 
strip. 

Nails D S E are driven Into the board 
about 1 inch apart. The second circuit 
wire Is now attached to these two nails 
as shown. In this manner the circuit 
will be closed if the metal strip 
touches either nail D or E. 

The trip wire Is attached to the D/E 
end of the metal str^p. Adjust the 
tension to suspend the atrip between 



the two nails. 

If the wire Is pulled In a trip wire 
fashion^ the metai strip will touch nail 
D but If the wire is discovered and cut 
it will spring open and contact nail £. 
Either way, the circuit will be 
completed. This Is a popular entl 
diatrubance device for bombs because 
It is almost impossible to cut the wine 
and maintain the correct tension to 
prevent touching the contacts. 
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Hit-Men's Silenced .22 Weapon 



N«W Yfirk 

The type of gun used PWOftUy 
to ao Qi^y Icforiiim and 

Qiob dlssideDts wuuJd have never 
been used by profaskHuU guigkand 
ASsdSatpa unU] two yetra 2g0. 

'The mob baa alwaya pre f erred 
the ^nua; the -3& rovolvert a Boretta 
AutomaUc, or a shotgun In the 
past,'" B f^raJ source said "What 
Jt Loofci like is that some mob 
assassin squads have ctokn b page 
from our agenclesL'* 

Tbe :Z24;aliber sutomatijc was a 
favorite of agents of the Office of 
Strategic ^rvices duHng WorM 
War It has been a Joog-4lnie 
favorite of the ClA, Lights oompad 
highly accurate from close rangOp 
Its one^uace Hlug, when muffled 
by a allmcer, a "^pop-pop"" 
noise that can barely be bea^. 
Made even more efficient In recent 
years, It has attracted the mobL 

Both police and federal batlis- 
tka experts note that bigh-vetocity 
ammuJiltiflii Cau now he fired by 



tbe .32 and that hoUowed-eut heaida 
that splatter and rip apart after 
hitting a vkiUn leave no traceable 
balUstka. 

In at least aeveral tostances In 
tbe mob purge that Is believed to 
have been go^ on for tbe p^ two 
years holJowed^ut copper heads 
were used, but most of tbe bit 
victhns have left a balltstka trait In 
New Jersey and New York, for 
example, the murders of two men 
have been traced to the same^ but 
pnrecovered weapon 

Tbe interest of tbe mob and 
others in the .22 as a murder 
weapon was recently eiempUlied 
by tbe convlctioa ot George Nb^ 
tbaniel Garrett in IdiamL Garrett 
u associate ol a Carmine Galente 
crime family seidJer, bad been 
peddling do-lbyourself assassina- 
tion kits for f6Q0 apiece. 

Tbe kits included a Luger4ype 
automatic .22, a sHeDCern and an 
attache ease tbrough which tbe gun 
could be. fired: a puBring near tbe 
handle that, when tugged automat- 



ically ibred a dip of dglit to tan 
ronndi with deadly accuracy^ 

Garrett was amated In Oct^ 
her by undercover agents of tbe 
federal AJeohoj. Tdhicco Ukd Ftra 
arms bureau ikit not before an 
unddermined number of th*' mms- 
ain klla were beheved sold lo tbe 
mob. 

Garrett, however, was only a 
ndnor source ol tbe weapanL Vari- 
ations of the gun can be boivghi 
through gun ateres acound Ibe 
nation, b Mexico or from forei^ 
sources^ and many guu buffi have 
abnllar weapons for target ptactloe. 
Tts value li in Us compiCtneea, 
Ugbtnesw bleb vdocltyp accuracy 
and ava^billtyr a poUce aouroe 
Mkt. 

A sUencer cannot be booiptt In 
a gun atore, but tbert are mob 
gunsmiths avaUabte, willing and 
able to provide them at from f7B lo 
(200 depending on quality. 

SMHftmwImCVMkIr 






I ,aj-/u;ro p/' " 

■ pistol-h 



( MAtyAaiue 




-sufwcegi 



ff)T™ 



This system would be better, as tbe button would allow you to control tbe. 
number of ahots fired. Sand ue a photo if anyone builds ooe that worhs. 
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THE SILENCE 


RS 


By Clyde Barrow 





Of all 20th cantury amall arm 
developments, the Orearm aiiencer Is 
pFobabfy the most rnysterious and the 
teaat understood. Invented In 190Q by 
Hiram Maxim, the firearm silencer was 
one of Maxim's early contributions to 
the field of noise pollution oonlrol. By 
the t^OSn poachers, gangsterSp strike 
breakers and sticKup men had made 
^'silencer” a dirty wordh The silencer 
had become so steeped In Intrigue the 
It wee included In the restrictive 
“destructive -devices" category of the 
National Firearm Act of 1934. Since 
1934^ poeseaeion, use, or menu- 
facture of a silencer has been a 
serious felony. Silencer possession 
for private cltlfens is currently 
restricted to those who cart meet the 
folfowlng requlremer^ts- 

1. Pay a S200 Federal Transfer Tax. 

2. Receive transfer approval from 
the Federal Bureau of Alcohol, 
Tobacco^ and Firearms. (ATF) 

3. Comply with all state and local 
restrictions on silencer possession. 

Silencer production is restricted to 
holders of a $500 Federal Firearms 
Stamp that designates them as 
"manufacturers of destructive de- 
vices.^ 

In general, the modem commercial 
silencer is a metal lube, 1 inch to 3 
Inches In djemeter and about a foot 
long. The tube i^ mounted on the 
muzzle end of the barrel and Is aligr^ed 
with the axis of the bore. Le. the bullet 
travels down- the exact center of the 
tubs. The front of the tube is covered 
with an end pi ate, the center of which 
has a hole that Is slightly larger than 
the djameter of the bullet to be tired. 
The Interior of the silencer tube 
Contains a series of baffles and 
chambers which catch and delay the 
rapidly escaping gases produced by 
the propellant powder as i,t burns. 

The major source of gun bisst and 
noise from conventional weapons Is 
this escaping gas slamming into the 
atmosphere upon exiting the barrel. 
The remaining sources of gun noise 
are as follows: 

A. A supersonic crack is produced 
if the bullet reaches a spe^ greater 
than 1120 feet per second, the 
speed ol sound. 

B, Mechanical noise is produced by 
the functioning of the weapon upon 



firing. This attendant clatlsr le most 
pronounced In semi and full auto- 
matic weapons. 

Some noise also escapes through 
the unlocked breech area of these 
autos. A bolt action rifle will produce 
little if any mechanical noise when 
fired and no sound escapes from the 
breech area. 

Contrary to what you see on TV, the 
revolver Is not auliable for silencer 
use. Considerable noise Is generated 
by the gas escaping frorn Ihe gap 
between the barrel and cylinder. To 
make matters worse, those mini 
eifencers, a couple of Inches long, are 
a twisted joke on the part of 
Hollywood prop man. 

In addition to noise suppression, 
the forward pressure of the gas in the 
silencer equalizes and virtually 
eliminates the recoil experienced with 
unsilehced weapons. A silencer also 
doubles as an effective flash hider for 
night shooting. 

When a silencer Is used on a high 
powered firearm, the supersonic crack 
experienced with these weapons can 



be eliminaled in one of the three 
ways: 

A. Standard ammunition will not 
produce a crack if fired In weapons 
wfth shortened barrets. The burnir^g 
powdef; Is unable to generate the 
necessary pressure to drive the 
bullet faster than 1 1 20 f .p.s. 

B. Similar results are obtained with 
standard ammo when it la firad 
through accnveniional length barrel 
that has had a series of tiny holes 
drilled along Its length. These holes 
bleed off a portion of the propellant 
gases, again reducing bullet epeed- 

C. A special milder load may be 
used in unaltered weapons. These 
are referred to as sub Sonic loads. 
These rounds contain less powder 
and do not propel bullets to super 
sonic speeds. Some ssmi and full 
auto weapons need tc be altered to 
function reliably with subsonic 
rounds. 

In addition to commercially 
produced and federally regulated 
alien cars, several other types are 
available: 

1. Commercial units smuggled in 
from other countries. 

2. Underground production in do- 
rnestic factories. 

3. Individually produced, home 
made silencers. 

4. Improvised or one shot silencers. 
Examples of this last type of silencer 
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are: balloons, rubbers^ baby boUle 
nipples, These are stretched over 
the end of the barrel and taped in 
place^ Aamail hole or **X” j$ cut in the 
end- They expand to contain a portion 
of the propellant gases. These units 
may or may not hold up to repeated 
firing. The overall effect Is sort of half 
assed but then half quiet is better than 
no quiet at all. PlllowSp heavy coats, 
foam rubber, etc. oan be wrapped 
around a firearm to naduce firing 
noise. Even with a excellent silencer, 
most autos need to be wrapped In 
something that will muffle the 
mechanical noise of operation. 

THE POOR MAN'S JAMES BOND 
by Kurt Saxon contains plans for a 
silenced box with a handgun Inside. 
Just reach inside and blast away. 

Most individually produced or ''hand 
made" silencers soon meet a common 
fate. At some point the allenoer loses 
proper alignment with the barrel. The 
next round catches on a baffle and the 
enhre interior of the unit is destroyed. 
As a bonus, the tube Is often launched 
50 feet down range. You can imagine 
how embarrassing this Is to a young 
guy just starting out. The key then Is 
aligning the lube with the bore+ then 

everything else falls into place. 

Alignment and mounting of the tube 
can be har^dled In several different 
ways, but one basic rule holds true for 
all of them. To assure constant 
alignment with the boren the silencer 
tube must be supported by at least 
two points on the barrel. 

The simplest method is to tape the 
barrel at two points to support the 
tuba {see improvised silencer mount 
article). This method works well for a 
while and Is extremely accurate. If 
care is'takan when wrapping the tape, 
the resulting unit will be no more than 
two tape thicknesses out of 
alignment. The one drawback to this 
system is a tendency for Ihe tube to 
slowly crawl off the barrel, a little 
more with each successive shot. It is a 
good idea to hang on tight to this type 
of unit, always maintaining a constant 
rearward tension on the tube while 
firing. 

Tubing 

The two types, of metal tubing 
generally used In homemade silencer 
construction are thick walled alumi- 
num tubing and Ihin walled brass 
drain pipe. Both are light. Inexpen- 
sive, and available at most hardware 
and plumbing stores. Tbe aluminum 
comes in 6 foot lengtha and scdls for 
about S3.00 each- Brass drain pipe la 
sold in straight sections 12 Inches 
long, both plain brass and chrome 



plated. These sections cost about 

$2^00 each^ 

Thin waited brass lubes a/e easily 
Joined together wtth sifver soldsr^ 
Aluminum tubing can't be aoldered 
but Is easily held together with screws 
because the wall thickness is 
sufficient to hold threads^ The holes 
can be drilled and tapped In the 
conventional manner or simply drilled 
with a hand drill and threaded with self 
tapping machine screws. 

The following are construction 
plans for two £2 caliber sltencers. The 
first one uses braes tubing and is 
sliver soldered together. The second is 
made from aluminum and is held 
together with machine screws. Both 
units are simple, trouble free and quite 
effective. These construction pro- 
ceeduras can be easily modified for 
building silencers in larger calibers. 

A. Brass Tubing Silencer 

Materials need^ = 

1 piece Brass drain pipe (plain or 
chromed) 12 Inches long, 1 t/4 
inch diameter. 

12 fender washers— I 3/16 Inch 
diameter. 

1 piece 9/32 Inch brass tubing— 
sold In 12 Inch sections (S Inches 
are r^eeded). 

9/32 inch drill bit at^d drill. 

1/I6irich drill bit. 

silver solder and propane torch 

hacksaw 

file or grinder 




until they will slide into the tube. 
A file or bench grinder may be 
used. Take cars that Ihe washers 
remain round and that the hole Is 




Enlarge the hole In the washers to 
9/32 Inches. 



Cut the 9/32 inch brass tubing to 
eight inches long. Remove the 
burrs from the ends with a file. 




Ten of the twelve washers are now 
slipped over the 9/32 Inch tulM. 
The front washer (end cap) should 
be flush with the front end of the 
lubing. The rear washer is placed 
one Inch from the rear of the tube. 
The remaining eight washers are 
spaced equally b^ween the front 
and rear. Solder ail ten washers In 




Drill two rows of four 1/16 Inch 
holes between each set of wash- 
ers, Drill completely through the 
tube. This wtll result In four rows 
of four, a total of sixteen hates 
between each baffle. Remove any 
burrs or metal chips from the In- 
terior of the tube with a thin file or 
a rolled up piece of sandpaper. 



Step 6 




Install the baffle assembly Into 
the 'outer tube- The front baffle 
(and capj should be recassad 
about 1/16 inch. The spaces be- 
tween the washers may be filled 
with steel wcmI or rolls of brass 
screen before Installing In the 
outer tube. This Is optional as 
there is some dLsagfsement about 
the value of these materials as 
baffling devices. Solder the bsffta 
assembly in plsoo- 




The two remaining wosners are 
used as the FTtounting assembly. 
The front washer la modified to 
slip over the barrel and rest at a 
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paint directly behind the front 
3ight This requires ream- 
ing, diillmg or filing out the hole 
tc match the. dlsmeter of the 
barrel at this point, A cut out Is 
made In the washer to allow It to 
slip pest the sight bsse^ The 
washer is now slipped over the 
barrel and turned 180 deg. If the 
above was done properly ■ the 
washer will be held from forward 
movement by the sight base. The 
taper of the barn will prevent it 
froin moving totf ^ rear, 
steps 







place on the barrel, slip the sNen- 
cer onto the gun aa far as pos- 
sible. The gun's muzzle will be 
resting against the rear end of the 
silencer's inner brass tube. The 
silencer is now moved forward 
one inch. This creates a two inch 
chamber between the muzzle and 
the rear baffle. This space is 
necessary for the initial expan- 
sion oi gas as it leaves the muz- 
zls. Place a mark on the barrel 
that corresponds to the rear edge 
of the silencer tube 
Align the silencer with the bote of 
the gun. This may be done visual- 
ly or with a tight fitting stick. 
When the unit la aligned, place a 
C clamp around the Silencer 
directly over the front mount 
washer and tighten the C clamp In 
place. Remove the silencer from 
the barrel. Ta>ie care not to dis- 
turb the position of the washer in 
the tube. This washer Is now 
soldered 1n place to the silencer 

interior. Remove the C clamp. 

Step a — - 






Soub^lL. 
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The rear waeher is now notched 
and drilled until it will slide onto 
the gun and come to rest at a 
point 1M6 inches in. front of the 
mark on the barreL This washer 
doesn't lock onto anything. It: 
functions as a rear suppori only. 
Slide the silencer over the barrel 
and onto the rear washer. It 
should extend 1M6 inch beyond 
the washer. Solder the washer to 
the silencer. The completed si- 
lanci^r/mounl Assembly can now 
be installed and removed ir> 



^ — 



It for some reason the silencer Is 
not in correct align mer^t when in- 
stelted, it may be adjusted: 
Clamp the gun Into a padded vise. 
Sight down the silencer end bend 
it into proper alignment white 
heating the satdered Joints of the 
two mount washers. 



Improvised 

! 



Silencer Mount 



it 



This device can be used to mount a 
commercial or improvised silencerp 
attaching It lirmly to the barrel of the 
weapon and maintaining perfect 
alignment with the bore. 

The Mount can be used with several 
sizes of silencers and is designed for 
quick installation and removal. It is 
made from a metal or hard plastic tube 
1^1 i;2 inches inside diameter and 



about 9 inches long. 

Four 1 Inch deep hacksaw cuts are 
made In each end of the tube. This will 
produces evenly spaced slots^ 1 inch 
deep- Bevel the ihside edges of both 
ends of the tube with a round file or 
sandpaper. Place a hose clamp on 
each end of the tube and screw dowri 



flngertight- 

The barrel Is now wrapped with 
black plastic electrical tape at 2 
points, the first directly behind the 
front sight and the second about S 
I inches behind the muzzle. On barrels 
shorter than 5 inches, the tape Is 



wrapped ai the rear of the barrel - 
Continue to wrap the tape until both 
rolls are a snug fit whan the tube Is 
pushed onto the barreK 
Slide the mount tube onto the barrel 
untIMhe rear clamp is directly over the 
rear roll of the tape. Tighten the rear 
Clamp with a penny or screwdriver. 
The tube Is now In almost perfect 
alignment with the barrel- 
The silender is- now taped In two 
places untii it Is also a snug fit In the 
tube. The front damp should 
coiteHpOjnd to the front roll of tape on 
thesilencer. 

This mount will not inteiiere with 
the slight pattern on a scoped' rlfle+ 
but sights must be Installed for use on 
a handgun, 

■ w 

rntHT 

Sights may be fabricated 
from meial or plastic and soldered or 
epoxyed Iri place. Ready made 
commercial sights may also be used. 

When the mount is completed it 
may be bluedp psdnted, or covered with 
black plastic tape. 



06TAIL0F 

\ti t?MDOF Tuet 




See finifilied silen- 
cer next page * 
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SHARP KNUCKLES 

BY H. OHNO 



they ffljy HQt hoHeve thet your fln^^ 
nttTTs grow so fest you ^v* clip 
timi ill day^ you^re quit* adf* fro* 
conc«*l«d we^por^s hill 1*1. 



At] i nflxpfifi s t V* I c:onve n i en t , 
legal pocket weepop ^15 lofig b^n 
known In the gulie of th* ordinary 
household scissors, however p the new 
folding type In itilnleii iteel worft 
ru^t If gotten wet» ire conpictp 
hindVp fit any budget, at iMider $}■ 
and they ere availeble from most iny 
camp i ng p ha rdwa re p or d i 5 copn t I tore ■ 
Host Importmtly, the folding feature 
lesurei igalnit Inidvertint niiidven- 
tures such as castration or disem- 
bowel men t when sitting down qurickly 
(It pays not to be your own most 
dangerous enemy * be 1 1 eve me) , Mbit Is 
more* they should p»i muster it tir^ 
port or police shakedowns H UhMe 





Finally^ their use is as natural 
as throwing a punch— rnjre important 
than on* night think. A wiapon li 
only ai good as one's ability to use 
It under ^tres^- Heny. a top notch 
pFstoT sliot hes been luiowo to mtss 
targe ti across the room due to the 
lnvO?untary"hee I i ng" and muscular 
tens r bn experienced ^11* under 
Stress. JuSt place the sctisori Tn 
the Mst as sh^n and you ire ill 
Set to threw a punch with iCm reil 
luthorl ty In It. 



THE HANDY NO IMPACT REQUIRED FIREBOMB 
By The Firebug 

I came up with thts devUish little device one day 
while pondering the best way to torch piles of hay. It 
uSes a mihimuni amount of fuel ^ i$ silent (no bottles 
breaking) f and cheap to build. Take ah empty ioft drink 
can and remove the top. Stuff with some sort of absor- 
baht material. Pour in a few ounces of gas and pour out 
excess. To use, ail you have to do i s light the top and 
throw on a fiaimnable substance, A little sand in the 
bottom of the can helps it throw farther. 
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HARPER'S TOUNG PEOPLE 
THE SAME THING OVER AGAIN* 

BT JAllce BiUUIBfl. 

I " ONG jtxn n knight who rade forth t* lutt]« wmE 

^ hbppoHd tin bmvHt of the hravo. P>]^hApi 
ho VAJ. We imd of Tmlovoo* deedi in every old hit of 
vet«p and the bibtorj of the age of chivalry La full of 
him. ^ Ho flLew foe men hy the »on, he, WM alwaye in 
thethickiHt of-the fray, and there wuonly one thing he 
could not do—get up if he fell doitn. gome of the deadly 
blowt that fltnick him rang off hie heavy armor in lunch 
the hamo way that tlie blowi of a hammer would ling off 



wliioLAeeme the only way to atop thie game of Evei'laah 
iiig. 

But the powen of invention are moat wonderful. 
What do yon think of a eteel-pojntcd bullet that pene^ 
tratei two feet atx inebet of aolid oak being etopped by a 
attff pad of felt and tome other eompcAition; not only 
ttopf^dp hut all crumbled out of eliape \ Tliii has been 
done» and a little tailor of Ifaiiheiiu, German y^ ie the 
inventor. 

Hie name » Dowe. Like almovt alt inventora no one 
helleTed him at hnt, and every one waa toa buay to Uaten 
tohia talkn Wlien he wiahed to put on bie bullet proof 
vest, aihd stand up to be shot at, t1»y all laughed, and 
thought that the tailor was craxy. At laat he persuaded 
Booie one to lake a shot athim^ and lo, and beliold, there 




an iron boiler. Now perhaps all this had aometliiug to 
do with hie valorous deeda, and. may account for the 
many foemen slain, and it certainly does account for liia 
remaining alive eo very ofteun They say that a knight 
in artnor was as gtwd aa twelve men wiihoui it^ and that 
Ai long as he could stay on his liorse or keep his feet 
he was safe from the ordinary weapona of thoSb day a. 
R la proof enough to aay that in a battle In Fiunce fifty 
armed knighiaon a aide -fought thi^oughout an afternoonp 
and not a aingie one was killed. Therefore we must 
infer tliat they stopped from lack of breathp or perhaps 
the game may liAVb been called '^on account of dark- 
nesa'''i wUokaOwsl 

With the advent of gunpowder things changed. 
Armor gradually went out of fasliion. It waa no uu. 
Bullets went through it, and came out the otlier side^ so 
helmet and cuinaSp shield, targe, buckler^ greaves^ and 
cliain-ahiri were iis^ only for show, or to decorate ar- 
moriid halla Nothing could aiand before liie awifb 
speeding unseen bullet— and perhape the kniglita became 
braver than evea^-mauy wore wmre killed in haLtle, 

In naval circles, after the little iron-claJ'Jlfemi^or fought 
the iron -clad Jlferrimoc wooden sliipa of war practically 
ceased to be builk Every nation iumed its attention to 
building impeneii^ble bulwarks, and then guns were 
built to pierce tliem^ and then thicker armor was made, 
and then heavier guns^ and so on, hammer and tonga, 
they are fighting it out to this day, Kow they are 
building sliips fa^ enough to run away from eadi ^her^ 



was Herr t>owe hewing through the smoke of ihe nHo 
ail unharmed, and u smiling as an Aunt Seliy at a faii'h 
Of course people believed him after that, and everybody 
i^d, We thmight tliere was something initi but ww 
did not know.'^ Lots of otiier people wrote lettara naylog 
tlLat they had invented the same thing years before, aod 

scores of Jmitaiors started up on every side. Before 
vei'y long tlie ai-my people— who liate to have other per- 
sons invent things — took up tlie subject, and Herr Dowe 
was gLTCu 41 ^ oHl-cia] trial before proiniiieot German 
olMcei^Sn They were most sceptical, and. would not let 
the anxious little tailor dou his heavy waibteoat, aifd 
make a hu^t of Limsslf. They carefully put it on a 
planter statue, and blaied away. Ach said the German 
ntTLcers, when tiie. smoke cleared — ^^achE tlic tailor does 
jioL lie.'" Tiieii they j>ui the shield on a hoirse, and fired 
Oii'ectly at his side. The suinuil went un -entiTig, all uii- 
dooAcinus that a gnest many s^^eelators expected hini to 
pitch forward and die.ou tlie spot; he vras ai unmoved 
m a deaf man at a patiketic sermon. It was Mr. Dowe's 
turn after tha^ and tliey shot at hinij and he entiled, and 
th^ shot again, and he imiled again. 

Tlie breast-plate that Harr E>oive invented la made of 
fait and tneLal, it is supposed, but of oouriie he doe&n^t tell 
any one juat liow it ia made; it weighs about ten pounds, 
and is indexible. Tlie bullet does not giance, but teal's 
itself to pieccG in the cloth, and tile blow Is soften^ hy the 
gTHdual impeding of tlie speed, so that theie is little shock 
to the wearer; in fact, Herr Ddweaayi lieknctcs when be 



POOR MAN'S JAMES BOND Vol • 2 



16 



THE POOR MAN'S ARMORER 



is liiL, and tliat is all. What the Gei*man army will do 
with the shield remains to be seeu« Its inventor is now in 
Englaiuh and the other day gave an exhibition in Lon- 
don. Several EngUshnien wished to try their own pel 
rides,, and many sup|>osed that a bullet that would go 
thraugh the tough hide of an elephant v/oultl certainly 
pierce thrae indies of anything but solid steel. Elephant 
rifle, express rifle, Martini-Henry, and Lee*Metford (the 
two latter being the army rifles of Graai Britian), each 
one proved ineffectual, and the experiment (so far as 
HeiT'Dowe goes) was a great success. The Duke of 
Cambridge, who was prasent, refused to allow any one 
to be shot at, although Admiral Saumerez, one of the 
committee, volunteerad to stand up like a man and run 
the risk. The little tailor almost shed tears of disap- 
pointment because they would not let, him take his 
favorite role. The hoi’se, however, was again brought 



on, and I suspect wondered what it was all about, for he 
never seemed to know whether to go to sleeper to prance 
about; and the bullets did not alarm him. 

What they will do with this new invention is a prob- 
lem ; if they can make it light enough to w*ear, it may 
change the style of fighting, and they will have to build 
rifles to piei'ce it. Tlien comes the tliickcr armor again, 
you see. In Berlin in the great army museum there is a 
cuirass (a breast-plate aud back-plate) that is |)erfo rated 
through and through by thirteen bullets. They took it 
off a t>oor Fraiich cavalry man, who ^vas dead on the 
fleld where his squadron had charged on a line of in- 
tionched infafitry. IC he had had on a Ddwe shield he 
might liave thought it a joke. Perhaps they may get 
tired spending money ojrwar, and ai*mor, and great guns, 
a.nd stop flghling. 1 say again — who knows? 



POPULAR SCIENCE 
MONTHLY 1 937 



Flight Bow 



PULLS INSTEAD OF PUSHES 




Hill (boot* t«0 yar4i whb ihli minUtur* bow, tbo pnll of whuH !■ oaly 
t«A pcMiidt. Tht arrow* |« inaldt th« bttro] 4(ld tro p«lll«d by tbt atrfaf 



U SING whit I lerm & “double- 
action^’ bow and a “front- wheels 
drive” arrow of entirely new 
design. Orville Littleton and I 
have obtained sJtnost incredible results in 
a series of flight-sbot experimeots. Here 
are the figures; 



BEST TYPE YEW FLIGHT BOW 
lO-lb. bow, ZS-in. Port 
Orford ocilBr vrow.. M yd. 

30- Ib. bow, IS-iii. Port ^ 

Orfald cedar arrow. .20Q yd. 

05-lb. bow. 28>in. Port 
Orford cedar arrow., 304 yd. 



Ftimou3 anker and for- 
mrriy holder of world's 
flight rnord 



BOW AND ARROW OF 
NEW DESIGN 
10-lb. boW| spring type, 
front-dnye arrow . . . 160 yd. 
30-Ib. bow, spring type, 
front-drive arrow . . .32S yd. 
The term “jo-lbi bow'* 
means that a pull of 30 lb. is 
required to draw back fuUy 
whatever length of arrow is 
intended to ^ used with it. 
Note Ibcrcfore that tbe new 
3{>lb. bow and arrow pve a 
neater llight than a 65-lb. 
bow of the finest type bereu^ 
fore developed for flight 
shooting. 

Conventional arrows are 
difficult to make successfully, 
but those used with the new 
bow, which are pulled instead 
of pushed, arc simpUcity 
itself-— a piece of squared 
umbrella rib, a nail, and a 
sliver of bamboo. Tbe new 
double-action bow is made 
like other bows, but three 




CC»St»rO 



THE ARROW 

springs and a few other parts are added. 

I am convinced that the new equipment 
also offers 8omethin| better for target 
shooting as well as flight diooting; how- 
ever that remains to he worked out. 

The Bow. Use lemonwood stavt I in. 
thick, in. wide, 4 ft. long. (Experi- 
enced workers may use yew or osage 
orange.) Smooth the bach. 
Draw center line as in Fig. 1. 
Leave 3-in, section In center 
the full width and thickness 
of stave. Draw four lines on 
back as shown and plane 
stave to shape. Turn stave 
edge up. lay out as in Fig. 2; 
then w'ork to lines with plane, 
spokeshave, and scraper. Cut 
temporary nocks with a rat- 
tail file, brace the bow with a 
strong temporary string, and 
pul) It a few inches to see 
where there are any stiff sec- 
tions. Work them down to 
the cross section shown in 
Fig. 3 and continue testing 
until the two limbs bend in 
perfect syimnelry, inch for 
inch, beginning on each side 
of the handle section and con- 
tinuing to tbe end of each 



limb. Round the belly, but keep the back 
perfectly flat. SandpaMr well. 

Barra. Bore a bole as In t. 

Use a 30‘in. length of H-bi- conduit pipe for 
barrel. Make bracket of 1/ 16-in. thick flat 
•ted as In Fig. 4. Solder H to barrd 4 in. 
from one end. Make handle as la Fig. S, slip 
the eye over short end of barrel, add tu 
spring, and sold- 
er a washer (Fig. 
6) to end of barrel. 
Drill a series of 
^ - I D. holes 



through both 
sides (H the pipe 



u indicated and 
cut a diort slot 




with a thin- 
bladed chisel^ 
then Insert a 
hack saw blade 
and saw the en- 
tire slot as in 
Fig. 6. Round 
off tides of dot 
so string will sot 
be cut. Slip pipe through hole in bow, glue 
pipe inside the hole, aM fatten bracket. 

5prtttft. Make two dips from brass or 
heavy tin (Fig. B) to fit limbs of bow about 
8 in. from tips aa in Fig. 7, Put loop of boost, 
cr wire throujd) hole In dip and insert pin or 
naO. Be sure both dips are Ihe same dbtance 
from ends of limbs. Fasten a 1-In. lection 
of.^-in, diameter coil spKng in each hole in 
washer. Run ends of booster wires through 
the hooks of springs. Puli wire taut and make : 
fast so that when the bow U drawn, the 



•pclngs win be stretched as in Ftg. 9. 

Tlw siee of springs given are Tor a bow of ; 
from 30 to 40-lb. pull, but the sprinp should 



be selected to suit the pull 
5trmgf. Form clips (Fig. 8> for bow tips 
from tin or brasi, solder the foints, and pl«e 



on bow so the overhtpped portion' is towaid 
m. Tl*e wire kopt may then 



the hack. Glue on. 

be pul on and the bow braced.' (The bow 
may be given a coat of white shetlae, rubbed 
down with sled wool, and finished with spar 
vamiih before the 



dips and booster wire 
an made fast.) Tlw 
sin of the musk win 
to be Used as m string 
will vary according 
the puU. 

Arrow.- Take 
in. piece of hollow 
umbrella rib and drill 
a small hole in the 
closed ^de in. from 
one end as in Tig. 10. 
Bend and sharpen an 
cightpenny finishiiw 
nail, insert Ihroum 
hole, and solder. Make 
shaft of bamboo or 
very tough wood and 
insert in umbrella rib 



lull 



in r5“ 

L -, 



ilh 



up to hole. Glue it In n 



and slighUy crimp the 
I of the rib. Tap- 



A b«w wfih a paU of diirtr to fony poueds. Tho hoiullo alldn on tlio bamal bseb »f the Urfs aprtiig 



er ahaft gradually 
to the end. 

Drop ar- 
row through the pipe 
so that the nock or 
hook will straddle the 
itrirtg. The nock 
shoukf fit snugly on 
the itiing. 



tMsrisHAfftt 

■L J I AND 

ife 



hs# 






The arrow «d 6 ports 
tro« wbich it I* fliote 
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FIm Dollar Boot Knlf o 
■nd Pu«h Daggor 

ByClyd* Barrow 

Boot KOlf« 

Moot boot knivao coot between $35 
Ond.tlOD. An axcatlont 8 tnch bool 
knifa (4 ir>ch blada) c«n b* muta for 
about five dollars. The bosla for the 
knifa h th« &ykoa*FaJrfaaln Com* 
maiido Knira. A ganuina S/F knifa 
from England may ba usad^ but they 
OMt about $15, A wall mada copy of 
tha knlfo, manuracturad In Qarmany la 
avaJMIa from Amarican Colonial 
Armamant^ P.O. Box F, Chicago 
RidgOp IIHnola 00415. Tha prioa 
ply a ahipping. 

Drawing A shows tha orginal 
configuration and B tha flnlabad bool 
knila. A almp^a way to shortan tba 
blada Is io grind and roahapa tne 
blada. Although this method. workBp 
tha resulting knifa ia rathar ahoddy 
looking and hard to rasbarpan. 

A more daalrabla mathod is to 
romova tha handle and sborten tha 
blada from tha rear, leaving the 
aharpanad edges and poirtt Iniact. Tha 
handia was originally secured to tha 
blada by peenlng (mushrooming) the 
end of tha tang. To ramova tha handia 
ft la necassary to grind off iha top 1 ^8 




inch of the handle to remove fhts 
pesfiad over metartal. 

The blada is now aacurod In a vise 
after wrapping It In aavaraf layare of 
masklr^ tape to protect tha edga and 
your flr^^era. Tap gently against fhe 
finger guard with a hammer and tha 




Using a bench or hand grindefp 
remove tha material Indicate with 
diagonal lirves In drawing D. Continue 
to grind until the handle can be 
hammenad back onto tha tang. The 
excess tang protruding from the 
handle Is now hacksswed or ground 
off. The handle Is tacured In Its new 
position by repeenlng ths and of ths 
tang with a csnlar punch. It may also 
be epoxyad In place. Grind and of 
handle smooth and reblacken with 
flnaarm touch up bluing or black paint. 

Ths hand IS Is solid stsel and rather 
heavy, it la also slippery when wet or 
bloody. Tha handle may be lightened 
by grinding ths firont and back flat 
before reinstsiilng on the blada. A 
more secure grip Is obtained by 
wrapping tha handle in wet linen 
twine. Whan the twine dries It will 
shrink tight to the handia. This 
wrapping should ba sasisd with 
lineal oil to prevent It from becoming 
frayed and unraveled. About i i feet of 
twine are used. Ths linen Is very 
strong and can be famovad from lha 
knifa and used as flshlr>g or snare ilne 
In an emergency- It would also make 
an excellent garret if ihe need should 
arise. 

Tha knife may be carried in a shoath 



sawn to thelrtside of your bool or tha 
scabbard supplied with the Knite can 
be ahorten^ to ht the new blade 
length. 

Push Dagger 

Ths push deggoTp like the den’lnger, 
was a popular backup or hideout 
weapon for the American traveler In 
tha taooe. Rlvafboat gamblers would 
often produce a push dagger to settle 
a gambling aigument^ and many 
gentlemen carried a dagger as a 
discrete means of protection for 
encounters with the local riff-raff. 

Msny of these early push daggers 
wars works of srt. One of the 
popular designs was produced by Wll 
and Finch of San Francisco. Their 
push daggers featured engraved 
blades and handtes of german silver 
and walrus tusk^ The knife was 
supplied Ln a german silver sheath 




PUSH DAGGER 
FULL SIZE PATTERN 




J 
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with a fancy clip for attaching to the 
^tt. In recent years, -the push dagger 
haa become a popular concealed 
weapon. Two basic designs are 
currently available, the traditional 
push dagger with palm shaped curved 
handle, and a relatively new design, 
the belt knife. All traditional type push 
daggers now being produced come 
from custom knife makers. These 
beautiful knives can cost anywhere 
from 50 to several hundred dollars. 

The belt knife design is available 
from several manufacturers. The price 
range In $10 to 30 dollars. Quality la 
governed by price. The cheaper plated 
steel knives are supplied with vinyl 
belts, while the high priced units are 
stainless steel with belts of high 
quality saddle leather. 

An excellent push dagger of the 
traditional design can be made from 
the five dollar Commando knife used 
in the boot knife project. The original 

1 

A HOME-MADE HOftTAR 

By Robert Maybeth 

A simple mortar can be made from a 
shotgun of any gauges It can deliver 
almost any type of bomb, including in- 
cendiaries, pipe bombs, molotov cock- 
tails even the CO? bomb detailed In 
issue #1 * 

First, a regular shotgun shell Is 
converted for use In the mortar. The 
shell fS opened and the pellets are 
removed; the wadding Is pulled out 
and replaced by a wad of cotton* 

Next, obtain a piece of round wood 
stick or dowei. When the stick Is 
loaded in the gun. It should be long 
enough to protrude from the gun's 
muzzle about six inches* 

Attaching the ordnance to be launched 
is done In various ways. The bomb 
can be taped to the stick with good, 
strong tape. Or the mount can be 
partly built Into the bomb Itself* If 
it^s something like the potato masher 
grenade shown on page 37 of the POOR 
MAN'S JAMES BONO, it can be screwed 
right onto the stick* Or , des i gn your 
own. 

The weapon can be fired from the 
shoulder , I i ke a convent Iona 1 grenade 
launcher; but bracing the unit against 
the ground like a conventional mor- 
tar is better as the recoil Is severe* 

A pair of legs are attached to the 
shotgun as shown, and the gun Is set 
at a 45 degree angle* It is aimed by 
adjusting the angle of the shotgun* 

Before firing, a sandbag Is placed 
under the shotgun ' s butt to prevent 
stock damage from repeated firings* 

To use, the shell Is chambered and 
the stick, with arman>ent attached. Is 
pushed Into the barrel to contact the 
shell* Then the bomb's fuse is lit 
and the thing Is fired. A great home 
defense weapon if there ever was one* 



handle is removed in the same manner 
as before. It will not be used on the 
completed push dagger, but should be 
seved, as it makes an excellent file 
handle. Excess material is removed 
from the blade with a grinder. Use the 
full size pattern, Drawing E, as a guide 
and' be sure to keep the blade cool by 
periodically dipping It in a can of 
water. This will preserve the temper of 
the blade. 

The handle can be made from any 
traditional knife handle material or it 
can. be machined from aluminum or 
brass bar stock. When completed, a 
hole is drilled in the center of the 
handle and the blade is epoxyed in 
place. Use a quality brand of epoxy 
and allow 24 hours curing time before 
using the knife. A good way to 
determine the optimum handle shape 
is to first carve it from soft pine or 
balsa wood. When the right shape is 
found. It is copied in the final 
material. 



liOTE: 

It the combined freight of the 
dowel end projectile are mveh greater 
than the weight of the original shot 
eharget excessive chataber pressure 
is created r which mag damage the 
shotgun. The clandestine military 
services use a similar improvise 
system, but they recojitaend removing 
^ of the powder charge, I suggest 
starting with the reduced Joa<f, and 
carefully worJt up t<? the full power 
charge that Bob describes, Clyde 




PIPE BOMB 
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£ye Popper 

By Fr \ tz the Cat 




Set guns arc a dandy way to protect 
yourself and your property- Correctly 
rigged, they can kill or tnalm an In- 
truder, and, if you are around, an- 
nounce the intruder's tresspasses. If 
push ever comes to shove in our uncer- 
tain future, set guns will provide 
cheap, (they can be improvised) reli- 
able, and effective insurance for a 
broad variety of security problems. 

For the present, they must be used 
with the greatest discretion- The 
authorities and their minions frown 
upon the use of firearms tn general 
and set guns In psrticul^r. Juries 
have been known to award huge sums 
to burglars who were maimed in the 
process of breaking into or looting 
the home of a set gun user. The gun 
ts being. increasingly portrayed as a 
villan in our society by those who 
wish to ban them, and the use of set 
guns has decreasing sympathy with 
juries- 

There Is an alternative solution 
available to us: a non-lethal, yet 
devastating weapon-the EYE POPPER* 

It is simple to make and use; it 
consists of a f lashbul b(s) , battery, 
and a victim activated circuit* It 
makes use of the following fact: even 
a single^ small flash bulb, can cause 
permanent and serious damage, when 
fired from close range at a dark 
adapted eye (Iris dilated)* 

Several flashbulbs fired simultan- 
eously at close range would instantly 
and permanently blind an intruder, 
putting an end to his activities of 
the moment and rendering him Incapa- 



ble of organized act 1 v i 1 1 es-hos t lie 
action or easy escape. 

The main fly In the ointment with 
the set gun is the gunshot wound 
which Is proof In Itself that a fire- 
arm was used; with the EYE POPPER, 
the jury has only the burglar's word 
that something you rigged up blinded 
him and the chances are he never got 
a look at the device before it was 
activated ( and promptly lost his 
chance forever). Why, the poor slob 
siiT^ly fired the electronic flash on 
your camera as he was stealing it- 
what could you do? The diagram Illus- 
trates one simple method of using an 
EYE POPPER* It is by no means the 
only way; you are limited only by your 
Imagination. A-cigar box (or jewelry 
box: it makes an irresistable bait 
that takes burglars out early in the 
game) Is rigged with a double wire 
pull, a 9 volt battery, and four 



flash bulbs, all in series. Opening 
the box does the tricki Use as many 
flash bulbs as you wish, or have room 
for, or your battery will fire-*the 
more the better* Always use aluminum 
foil to reflect and concentrate the 
maximum amount of light out of the 
box and into the burglar's face* But 
make sure your wires are insulated so 
they do not short out on the foil- I 
used the double pull switch because 
it is simple, others are possible. 

Try to keep wires short enough that 
the circuit can fire before it Is re- 
cognized as a "trap^^ or camouflage it- 
The CLOTHESPIN SWITCH, page I'l of PMA 
Vol. ] if] is a good one to use in boxes 
for any purpose* 

Flash bulbs offer many possibilities* 
They are still easy to come by and 
will probably be amoung the last i terns 
to be serialized, registered, and 
eventually banned* 



BOLAS 

By Darvla McCoy 

For centuries, the Indians of South 
America have used a weapon called the 
bola, or bolsadero, for hunting and 
warfare* It was used widely in tribal 
disputes, and was very effective a- 
gainst the Spanish cavalry* Today the 
gauchos who Inhabit the pampas use 
them to snare the feet of livestock 



on the run, but their value as a wea- 
pon has not diminished* The bola of 
old was made by wrapping a stone In 
a leather pouch, tying a leather 
thong about three feet long to the 
pouch, then tying three of these to- 
gether* The stones were of unequal 
weights so when they were thrown, 
they circled at different speeds, 
spreading out to form a six foot Tine 
that wrapped around anything In its 
path. The centrifugal force caused 
the stones to whiplash Into whatever 



the line had caught with unbellcve- 
able force. 

A modern version of the bola can 
be made with three fishing sinkers 
[a 12 oz- , an 8 oz. , and a 10 oz. ) , 
and some leather thongs. First, drill 
a hole In each sinker Just wide 
enough to allow passage of the cord. 
Then round off the edges of the hole 
with a sharp knife so there won't 
be any sharpness to cut. the cord. Now 
feed the cord through the hole and 
tie a knot on each side of the sin- 
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ker so it can't s(ide either way, 

Make sure the knots are tight, Vou 
don't want the sinker coming off and 
flying around as you swing the bola. 
(It might be even more hazardous to 
your health than smokingJ) Tie the 
other end of the cord to the ends 
of the other two cords, about 3 feet 
from the sinker* Follow the same pro- 
cedure with the other two sinkers. 

To throw the bola, start out hold- 
ing the smallest weight In the last 
three fingers, with the index finger 
hooked through the fork of the other 
two cords. Swing these clockwise a- 
round your head, then let go of the 
fork, while keeping the smallest 
weight tightly In your hand* The boTa 
will now be circling at Its full six 
foot length, and can be thrown* Find 
a secluded spot and practice on a 
tree trunk until you arc confident in 
your new skill. 

The bola is not a close quarters 

Legal But Lethal 

By Boyd Hill 

In their rush to regulate firearms 
use, Our legislators have apparently 
forgotten to control the ownership or 
carrying of one particular silent, 
deadly and easily concealed weapon. 

This is the common rubber, spring, or 
CO 2 powered spearfishing gun beloved 
by snorkle and scuba divers 

A 1 though des I gned for underwater 
work, a speargun wilt throw its heavy, 
pivot barbed, metal ''arrow*' through the 
air for at least 30 yards with consi- 
derable accuracy and enough force to 
penetrate 6 Inches or more into a coco 
palm tree. At 15 yards it will proba- 
.bly put the spear completely through 
a man. 



UNCONCEALED CONCEALED 
WEAPON 
By Clyde Barrow 

In NYC, California, and several 
other areas of the US it is illegal to 
carry any weapon, concealed or not. \ 
assume this is to protect the poor 
misguided criminal from savage 
citizens who have the gall to defend 
themselves when mugged on their 
doorstep. 

One legal vi/eapon available to those 
who choose to obey these laws is an 
improvised fighting stick made from a 
rolled up magazine. This weapon is 
devastating when the end is jabbed 
full force into the "victim's” throat, 
stomach, kidneys or groin. When held 
two handed, it will also serve to block 
or deflect a punch, kick, or knife 
thrust. 

The stick is 1 inch diameter, 11 



weapon, but Is effective on any vic- 
tim within throwing distance. It 
real ly comes into its own when coup- 
led with the element of surprise, or 
when used against horsemen or bikers. 
It Is not easily mastered, but it's 
deadly In experienced hands. 

War-making Is not the only capacity 
in which the bola Is useful* As the 
Indians have shown for many years, 
medium-sized game can be brought down 
consistently by an experienced throw- 
er. The common method of hunting is 
to cast ^t he bolaat the legs of the 
prey, snaring them together, making 
It possible for the hunter to cut the 
throat of the animal while it lies 
helpless on the grounef. 

Long after ammunition has dis- 
appeared from the face of the earth, 
primitive hunters of the future will 
be putting meat on the table with 
their leather-thonged death, e* # 



Normally these are powered by a 
length of surgical tubing. If this 
tubing Is doubled, the power should be 
Increased by about 1/2. Host of these 
guns run between 2 feet and 30 Inches 
long, fienerally they are light, In the 
neighborhood of ! 1/2 pounds. The two 
pistol grips are compact. Such a gun 
can be hidden up a raincoat sleeve, or 
inside an ordinary Jacket. Almost all 
of them have a safety catch, which 
means they can be carried cocked and 
ready without too much danger of acci- 
dental discharge. 

Such a gun, with several shortened 
spear "arrows," can be carried around 
wrapped in a brown paper cover, tied 
with a string. And, unless Its employ- 
ment has been demonstrated previously 
In action. It should pass as a simple 
tool for recreational sport. * * * * * 

Inches long and costs about one 
dollar, depending upon the quality of 
your reading material. Roll the 
magazine up as tight as you can, 
paper edges first so the stapled edge 
is exposed. Secure the ends with 
rubber bands. The stick Is carried In 
the hand or back pocket. If your local 
laws are so twisted that the mere 
presence of the rubber bands could 
place the stick In the dangerous 
weapons category, just roll up the 
magazine and hang on to it. 

It would be hilarious to watch the 
action at the local precinct after some 
overzealous police officer had arrested 
a citizen for carrying a deadly 
magazine. 

Note: If you don't read, a discarded 
newspaper can be roiled and secured 
in a similar manner. 



NINJA TOOLS 

BY DARVIS MCCOY 

In feudal Japan there existed 
an organization of assassins known 
as Ninja. They were adept in the 
use of all weapons of their day. The 
one we are interested in here is the 
weighted chain, or manr i kl gusari . 
Different versions of this weapon 
existed, such as the long rope, with 
a ring on one end and a knife on the 
other, or the chain with a weight on 
each end. The rnost appropriate for 
modern street defense Is the latter* 
The weighted chain is a versatile 
fighting tool. It can be snapped at 
the face or groin (like a wet towel) 
swung like a flail, used a- a gar- 
rote, or thrown like a bola* When 
swung like a flail, it is very dif- 
ficult to block because it contin- 
ues to whiplash around the block, 
striking the target behind anyhow. 




To make a manri kl gusari , you 
need a chain (the dog leash type 
works well), two bolts with nuts, 
and two fishing sinkers (J used 3oi. 
sinkers). The chain should be from 
2 to 3 f eet 1 ong . The bo 1 1 s have to 
be small enough to fit through the 
holes In the sinkers and the links 
In the chain, but the head and nut 
should be too big to s1 Ip through. 
Drill a hole through the center of 
each sinker, just wide enough for 
the bolt. Put the bolt through the 
end link of the chain, then through 
the sinker, then screw the nut up 
tight to the sinker. Cut off any 
excess length of bolt and mess up 
the threads to prevent the nut from 
working off* 

As with any weapon. It is nec- 
essary to practice in order to be- 
come proficient* This Is especially 
true wl th the manriki gusari-, because 
of the tendency for the chain to 
keep swinging after you are ready 
for it to stop. Once you do master 
It, you have a highly conceal able, 
extremely potent weapon In your 
arsenal . ^ 
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Exploding Mortar 
Bomb* 

By Jatnes I, Robertson 
Mortars are not really vary \m~ 
pressive or effective unless they 
fire an explosive proJectMe. Here 
Is one that Is easy to make and 
real ly works. 




DISCS 
LAUNCHER 
12 GA. SHELL 
POWDER 

16 GA. SHELL 
DISCS 

SPLIT FUSE 
AND GLUE TO 
BOTTOM. 



First cut a number of discs from 
cardboard that are the same size as 
the inside diameter of your mortar. 
Next obtain some empty (fired) 16 
ga. and empty 12 ga. shotgun shells 
Punch the primer out of the 16 ga. 
Shell, insert a length of fire- 
cracker fuse and fill the remainder 
of the primer hole with tissue 
paper. Seal the fuse in with glue. 

Be sure the fuse comes back into 
the empty shotgun shell 1/2*’ or so. 
Fill the 16 ga. shell with black 
powder, or better yeti flash pow^ 
der. Slide the empty 12 ga. shell 
over the 16 ga. shell containing 
the powder. The two shells will fit 
tightly together. Be careful not to 
damage the fuse while you are put- 
ting the shells together>. You should 
n<>w have two shotgun shells fitted 
together, filled with powder ahd 
with a fuse about V’ long project- 
ing from the 16 ga. end. 

Next, punch a small hole In the 
middle of several of the cardboard 
discs. Slip them over the fuse 
carefully and glue to the 16 ga. 
shell. Glue a couple of discs to 
the other end, so that the pro- 
jectile looks tike a dumbell. Then 
spilt the fuse almost to where it 
enters the disc. Spread the split 
ends apart carefully so as not to 
dump out any more powder than nec- 
essary. Glue the fuse to the card- 
board and drop a pinch of black 
powder on the glue before it dries. 

The fire from the propelling ex- 
plosion will ignite the fuse. You 
can adjust the length of time be- 
'fore the projectile explodes by 



adjusting the length of the fuse 
and the number of cardboard discs. 
Remember there can be no wadding 
between the powder In the mortar 
and the fuse. The cardboard discs 
serve as wadding, so they should be 
a reasonably good fit. I have made 
quite a few of these and I have 
never had one that failed to Ignite. 



EXPLOSIVE 

CHARGE 

BY 

FRED SILELLO 

JL Using scotch tape, make a tube 
out of a paper grocery bag about 2** 
long by I’* wide. Cut a I" circle of 
paper and tape It to one end. 

Pick and scrape the explosive 
off of about a thousand stick mat- 
ches. Add a little water to them and 
crush them up In a glass ashtray. 

3. Pack the tube full for about 

T/v*. 

Take a 1/V wood dowel and In- 
7ert it into the center of the tube. 
Then pack the rest of the eJlploslve 



around It. When It starts. to harden 
carefully remove the dowel so that 
you have a hole 1/k'* wide by 1-1/k*' 
long In the center of the charge. 
The purpose of the hole Is to allow 
the Interior to dry, and H Is also 
there to Insert your detonator. 

After a few days, peel off the 
scotch cape and gently remove as 
much of the paper bag as you can. 
Some of it will probably stick to 
the charge. SeL it In a warm, dry 
area and let it dry completely. 

This explosive charge will cost 
about a dollar and its size and 
shape can be modified to suit your 
particular Job. It should be great 
for making bombs and as a propel- 
lant for light artlilary and rock- 
ets. When utilizing It for a bomb, 
a booster charge such as gunpowder 
Should be placed In the hole. The 
device is another step in standard- 
izing your ordinance for mass pro- 




HOW TO USE WIRE-DRAWING PLATES 



F ew mechanics, amateur or otherwise, 
know much about wire-drawing plates, 
yet these tools are most useful, and once 
tried, are hard to get along without. They 
are particularly useful to model makers and 
in the long run save considerable time and 
money. 

The plates are made in sc\*eral styles. 
With them wires of copper and similar soft 
metals, and even mild steel, can be made 
round, square, knife-edged, or half-round. 
With two plates in the round variety, it is 
easy to reduce wire to 1/64 in. with 
almost no loss of material and an increase 
of length of almost 6.400 percent. The 
pl;:tcs aro obtainable at jewelers' supply 
houses and cost only about $1.50 each. 
The operation is this: Clamp a plate up- 



right in a vise, name-face to the front. 
Sharpen one end of the wire to be drawn, 
making a long point. Insert the point in a 
hole small enough to bind, grasp it with 
pliers, and pull it through, using a smooth, 
steady force. Repeat w'jth the next smaller 
hole, and so on. After being reduced in sev- 
eral holes, the wire will need to be annealed 
by heating it to redness.. 

The drawing, it wiil be noticed, not only 
reduces the diameter, but straightens the 
Tvire so that there are no local kinks vrhat- 
e\^er. This in itself is an advantage in most 
kinds of work, Besides, the exact degree of 
hardness and stiffness can be obtained to 
suit the requirements of the w^ork in hand. 
The principal advantage, however, is that 
the owner of such plates needs to stock but 
one or tw*o sizes of the 
metals he commonly uses 
as he can quickly make 
any smaller size neces- 
sary. 

The usefulness of the 
plates does not end w'ith 
shaping, sizings harden- 
ing, and straightening 
wire. They can be used 
for making tubing. Sim- 
ply cut a strip of sheet 
metal of a width approxi- 
mately 5 1/7 times the 
outside diameter of the 
tube required, snip a 
taper at one end. bend 
lengthwise into a shallow 
trough, and draw like 
wire to close the joint. 




The wire ti reduced In ifi« by dirtwiiif it thnntch *ucc***£ve1y 
■nulltr bole* in the pUt«, which i* clamped upright iu a vis« 
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$10 SILENCER r 

By Ctyde Barrow 

$10 mailor^Jer silencers are now 
available, for yoUr motorcycle, of 
course* These units may also be used P'* 
to quiet portable power plants, lawn 1^ 
mowers, pumps, chainsaws and any o* ™ 

ther noisy item with a barrel of 3/4' lo 
OD or more* In 

The silencer is formed from a 

welded steel tubing with a flat black ^ 
painted finish, the body is 7V“ long aj, 
and 2*' OD. Total silencer length when 
assembled is 8". ^ 

The interior contains a 1" ID 
perforated steel core and a roll of 
fiberglass "packing. A spring loaded 
baffle maintains core alignment and 
a sturdy snap ring holds the steel 
endcap in place. 

The rear mounting area is slotted P 

for easy Installation with the hose 
clamp provided. For a more permanent 
installation, the unit may be welded 
in place. 

The J4R silencer may be disassem- 
bled for cleaning or packing re- 
placement. Disassembly requires a 
pair of snap ring pliers, available 
from any hardware or auto parts 
store. L 

The $2 replacement kit contains a ^ 

new baffle spring, perforated core 
and a piece of yellow fiberglass 
packing material. ^ 

Be sure to specify barrel OD'when 
ordering. 

J & K hc^i devefoped o tilehcing device be used On 
•xponsjon chambers* A contIderabJe reduction in the 
noise leveJ js now possible with no loss in power* The 
principJe of operation h much the some as o gun silencer* 
After much use^ the silencer con be cosily taken oport 
for cleaning. After extended usoge o replacement kit 
is available which includes new deodening material ond 
o new perforoted core which will bring your silencer 
back to new operation* 



BOY MECHANIC VOL.S 
A Crenbow Hagutne Gun 

A new type of bow gun that a boy 
can make, and which will give him 
plenty of good aport, is one of the re* 



into the end of the barrel. The notch 
in which the bowstring catches, should 
be cut just under the rear end of the 



peating or magaaine variety. To make magaaine. The trig«er is an L-shaped, 
the gun, cut a aoft pine board, 40 in. pivoted piece, and pushes the cord off 
long and 6 in. wide. With a aaw and the notch when ready to fire. As joon 
knife, cut the giin form as shown. Cut as the first arrow leaves the gun the 



B groove along the top cl the barrel, one just above it drop« down into the 
where the arrow will lie ready to be groove when the bowstring is again 
shot out when the hickoiy bow is re- pulled back into place behind the notch, 
leased. The magazine holding the five Pressure on the trigger shoots this ar- 
arrows is made of thin boards, 24 in. row, another takes its place, and the 
long, and is held in place by four small cord ts pulled back once more. The 
strips. The magazine is 3 in. deep, arrows snould be of light pine, 22 in. 
thus permitting ftie five arrows to lie long and ^ in. square, the rear end 
evenly in it without crowding. The notched and the front pointed. To 
bow is of seasoned hickory and is Set make the arrow shoot m a straight 
■■ y ■■■■ course, and to give it proper weight, the 

h^d end should be bored with a 
bit« 3 in. deep, and melted lead run into 
the hole.— 




view OF 



Tl» Arrwa cr* ItackH \m th« llaisviH aad Fk*i 
la SUCCBulau hr tli« BffWithaf RilvBiMtd 
at tba Trif gar 



J a R 

! 773& Scout Ave. 
Bel 1 Gardens, 
CAL - 90201 



SILtNCER REPUCEMENT KIT 
XCl f« Wt XC SlItncBr* from *709 through .937 *... $2*00 
XC2 to fit XC SII«ncori from T.OOO through 2.000 2.00 
XC3 I# fit all XXC Slloncofi 2.00 



hose clamp 



MODEL XC (BlacM 



SIZES OP 



«ach $9;95 

ORDER SV 
DECIMAL SIZE 



SliENaRS AND SPARK ARRESTERS 



ItACflON 


OKIMAL 


MM 




.709 


IS 


3/4^ 


.750 


19 




J09 


30 


13/16' 


.813 






.827 


31 


7/8' 


.B75 


33 




.906 


33 


15/1 6' 


.937 


34 


r 


loco 


35 


1'1/16* 


1,063 


37 




1.103 


3B 


1'1/S' 


1.135 




1*3/16' 


1.(67 


30 


1*1/4' 


1.330 






1.359 


33 


1-5/16' 


1.313 




1*3/8' 


1,375 


35 




1.417 


36 


1-7/16' 


1.4 37 




$-1/3' 


1.500 


38 




L574 


40 


1-5/8' 


1.635 






(.654 


43 


1-3/4' 


1.730 




2' 


3,000 
Op*n End 


SO 



wenmoN 

Eariy Hority Davktun/tdja 

Kowniaki 100, GOIM Gnmn Amk, Hoik^ 250 

Sath, and FAnton 



Steel body 
V \ 



Suiuki ^0. Honda CT70. &uivkE 90/135 GirKir. 90 Yointiho MX 

Tanioha |*Orly pTiJ* Eofly SuJgki 350 

Vomoho I35MX. Yotvigho JOOMX^ Swxuk; TM3S0 

Hodoka 100, Hondo ClOO, 10;* I 10, 590, Cl9P. S190. C300, CT90, Suivki 

Hodoko^O Sup*f Eor. Yamohd 3S0. OfiO. ATI MX, DTI MX, 7\ Q»«vai 330 

Enwoukl 3S0, Honda CB, Ct, SllOO, Cl, a. 135, liO, Sil75, UitiAi TM400 
Moko 350, ^AO. 400, 501 

Bultou 350, 3AO, Maninht 330, Honda CB, 01175 lo M, Otw 350 
CZ350, 360* 400 

T^Pumph iSA, Honda Cl, CL 73, 77, CB, a* Si 350, A1 ) ,CB CL 450 
Hv>ky 250, 360. 400. 450, Mont«ua 360 

73 Horl«y Ba|a 
Onvm 350, 360. 1470 

Kowoukp 100 Trail Boh, Yatnaha 1971, ETI -B OTI E 
Ts bt wildtd an pip* 



J&R SILENCER 

CAN BE EASILY TAKEN 
APART FOR CLEANING 
AS SHOWN 

f i berglass 
packing 



, endcap 



perforated 
steel core 



Per «eiy JnileHalian ^ 

o clomp tf providtd — 

n« Bpf ihgi er wilding nBCMBOty 

Overall hrtgth 0 inchac 
Diomafor of main bo^ 2 InchM 




snapring 
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BOOBY TRAP SV THE KENTUCKY RJFLEMAN 



A v«ry effective and varaatlU 
txploding booby trap can ba madp 
fron parts avaMabla at* any hprd- 
ttfara stora. 

This device can be used at a 
fragmentation mine, flare launcher, 
tear gat projector, or at a dir* 
actional mine or set gun. 



Cgt the breechblock down until 
It will Just fit intd the coupling 
and make It just long enough to 
make the barrel (long pipe nipple) 
fit snugly when loaded with the 
shotgun shell. Take the breechblock 
out and drill a 1/8" hole through 
the exact center. Cut the nail to 



All that^ left Is to load the 
shotgun shell Into the barrel and 
screw the barrel into the other end 
of the coupl ] ng. 

CAUTIQK M 

ThTs device fires as soon as the 
pin 1$ pulled! For safety, don't 
load the shotgun shell until you 
have the trap set up. 




Hammer 



BO 



Basic Unit 




You wf 1 1 need these 1 terns : 

I - 3/V' pipe nipple 2" tong. 

1 - 3/4" pipe cap. 

1 - nail approx. 1/8" thick. 

I 3/4" pipe coupling. 

1 f ’3/V* pipe nipple 4" long (or 
longer) . 

1 - colter pin. 

1 * spring, any slza as long as 
It's strong enough. 

1 round steel piece approx. 1" x t". 
I - round steel piece approx. 

3/4" X 1/2". 

1 - 12 ga. shotgun, flareiOr tear 
gas shell . 

The cut*a*way drawing, shows how 
the device Is put together. Start 
by screwing the coupling to the 
end of the 2" pipe nipple as tight* 
ly as possible. 



1/6" longer than the breechblock 
end file the end round and smooth 
so that 1 1 wM 1 hit the exact can* 
ter of the shotgun shell primer, 
otherwise the shell won't go off* 

Drill a 1/8" hole in the side 
of the 2" nipple about 1/2'! behind 
where the nipple and coupling Join. 

Hake the spring long enough to 
push the hammer against the breech* 
block. 

To assemble; 

Start with the coupling-short 
nipple assembly, and Install the 
breechblock. Next, push the cotter 
pin Into the hole In the short nip- 
ple, then slide the hammer down the 
nipple to rest against the cotter 
pin. How sec the spring against the 
hammer, and conu>ress It with the 
cap and screw the cap down tight. 



You can set this one off your- 
self by a pull wire, or rig trip 
wfres or use your own Ideas. 

A good way to mount this device 
Is to weld or braze a large wood 
screw to the cap and screw it to a 
tree, fence post, or corner of a 
building (see drawing). A muffler 
clamp can be used to mount to metal 
posts and fences . 

To make a fragmentation bomb, 
saw, flic, or grind grooves in the 
barrel and put a second pipe cap on 
the end (see drawing). 

The range and spread of the shot 
can be varied by making the barrel 
longer. 

If you hand load shotgun shells, 
you can make the whole thing much 
more powerful by overloading the 
shel I w1 th powder . 
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CHL0AI»H 

Chlorine gas is generated when chlorine 
bleach is mixed with sodium bisulfate (Sani- 
Flush) * Pour a can of Sani-Flush in a baking 
pan, and level off the top of the pile* Punch 
a hole near the bottom of the plastic bleach 
jug and place the jug in the center of the 
pan* A steady cloud of gas will be generated, 
the actual duration depending upon the rate of 
bleach flow. If it is necessary to direct the 
gas to a specific area, the generator can be 
covered with an airtight top fitted with a 
hose. I" "1 



CONCEALABLE. 
ZIP GUN 

By Jim Black 

This little gun is made so that 
you can hide It In your boot or by 
taping It to your forearm under a 
long-sleeved shirt. It will fire 
.22 shorts, longs, and birdshot. It 
is easy and Inexpensive to make. 



, Bleach Bottle 



Sanl -FI ush^ 



BARREL 

t'MD Steel 
Pipe- h " long 



.22 SHELL 



File end 
to form 
firing 






PLASTIC BOMBS 

Hand grenades and antlpereoneX mines can 
be easily and cheaply constructed from poly- 
ester casting resin, auto body putty, ABS and 
PVC plp^, plexiglass, vacumn formed styrene 
sheet etc. These plastic devices won’t produce 
shrapnel fragments or concussions equal to the 
power of conventional bombs, but they do have 
two unique and noteworthy features; they are 
both non metallic and x-ray transparent. 

The first feature allows these devices to 
be carried through airports, government build- 
ings and other controled areas where a mag- 
nometer check might be encountered* 




Pipe Bomb-made from prethreaded plastic tube 

The inability to detect plastic fragments 
with x-rays will require that each fragment 
be probed for and will complicate surgical 
treatment * 

Hortar Bomb-cast halves 
^ mold and join together 



Plastic shrapnel filler can be coated with 
poison before it is added to the bomb to in- 
crease the kill rate of the explosion. 



CONNECTOR TO 
JOIN PIPES 

RECEIVER 
ID Steel 
Plpe-6" long 

TAPE OR WIRE 

RUBBER BAND 

cut from 
old' Inner tube 



FIRING PIN % EJECTOR 

3/16*' Stovebolt - 7i” long-fUc 
end as shown In detail 

All yoM need is two pieces of 
pipe, a coupling, a rubber band, 
some wire, and a thin metal rod. 
Assemble everything as in the dia- 
gram. The firing pin should be filed 
on one end. It should took tike a 
straight-slot screwdriver* The fir- 
ing pin Is used to both fire the 
*22 and to poke out the fired sheR^ 
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TAKEDOWN 

ROCKET 

LAUNCHER 

by Clyde Barrow 



HaterUIS ! 

three - 3" aliMilnum Irrigation 
tubes, IS" long, 
two - small gate hinges, 
two - luggage latches, 
pop rivets and gun. 
suitcase approx. 18"xl0"x6", 
inside dimensions. 







latch 




hinge 









LAAW Firing-- Device 



Figure A 



When extended, the tube is suf- 

FiQure A shows a 48“ long x 3" dia, ^iciently rigid for firing. When 
launcher. folded, it measures a compact 18“ x 

10“ X The folded launcher will 
easily fit in a small suitcase 

The rear section, X, carries a 
LAAW rocket type percjussicn firing 
device (see PMA VoKl #8). 

If an 18“ X 10“ x 6“ case is 
used, three complete rockets can 
also be carried with the launcher. 

Note : To flatten the pop rivets 
ihit extend into the tube, clamp 
a heavy pipe in a v.ise and peen 
flat as shown. 




shown. Attach latches at points 3 




MAKING 

PROPORTIONAL 

DIVIDERS 

Popular Mechanics 1937 

TF ONE^S drafting kit does not indude 
proportional dividers, an efficient sub- 
stitute for this rather expensive instru- 
ment may be easily made by the method 
illustrated. The dividers will be found 
very useful for enlarging or reducing a 
drawing or sketch. 

The blades may be made of cardboard, 
brass, aluminum, or even thin wood. If 
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How tQ li/ out blidii for proporttonal 
vidtri, ud m quick uctiug ipring wira pivot 



of cardboard, cut the two blades to the 
shape shown in the upper diagram; if of 
stronger material, taper them as sug- 
gest^ in the larger perspective drawing. 
Then mark the blades as accurately as 

J )ossible for the holes. The principle of 
aying these out is made clear by the di- 
visions on the five lines drawn immedi- 
ately below the pattern for the cardboard 
blades. 

If, for example, it is desired to enlarge 
a drawing to exactly twice its size, the 
blades should be divided lengthwise into 
three parts and the hole made at one of 
the divisions so that, when the instrument 
is assembled, the distance from the piv- 
oted joint to the one end will be exactly 
twice the distance from the joint to the 
other end. Similarly, to enlarge three 
times, the blades must be divided into 
four parts and the pivot hole placed at a 
point one quarter the length of the blades 
from one end. Other divisions can be 
worked out in the same way. For small 
work, a good length fo make the blades is 
6)i in„ as indicated by the inch scale 
placed beneath the lines upon which the 
divisions have been marked. 

The pivot should be quickly removable 
for setting the blades. The wire design 
shown has given satisfaction and is not 
difficult to make. 
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FIRE-BALL »y 
CANNON Brown 

Materials Needed: 

J Beer Cans Can Opener 

Black Electric Tape Lighter Fuel 
Slow Burning Fuse Tennis Ball 

Casol ] ne 

Cut out the tops and bottoms from 
2 beer cans leaving clean edges. Then 
cut out the top of a third beer can 
and make a fuse hole in the center 
of the can bottom. Fig. I 

Tape the three cans with electric 
tape to form then) Into a tube, mak- 
ing sure that the walls are smooth. 




Fig, 2 

Une the waits of the tube with a 
thin coating of lighter fuel. Insert 
fuse and tennis ball. While 1 know 
of a few who have launched dry ten- 
nis balls holding the tube In their 
hands^ f feel that a stand should be 
made, 

FIre-SaM - Soak a tennis ball In 
a container of gasoline for several 
hours or until It fills with gas. The 
ball will fit snugly Into the tube, 
but may have to be gently pushed 
down with a stick. This ball of gas- 
oline may reach as far as a city 
block, flatten out upon impact, and 
spread flaming gasoline. 



M 



easuri 
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F\0 YOU realize what can be done in the 
^ way of accurate measurins with an 
ordinary, high-grade steel scale? The hun- 
dredth of an inch divisions were not put 
on the scale as an ornament or to impress 
you with the quality of the tool. They are 
for use, and with a little patience and 
practice you can split the hundredths and 
make linear measurements correctly with- 
in a few thousandths of an inch. 

Hair-splitti^ precision like this is easy, 
AIJ you need is scale, a small magnify- 
ing glass, a reasonable supply of patience, 
and above all, confidence in the fact that 
it can be done and that you can do it. 

As an example, look at the two tiny 
slotted-head brass studs in the palm of the 
hand shown in the photograph above. The 
original pieces, of which these are copies, 
were located in such a position on the ap- 
paratus of which they are a part, that it 
was not possible to get at them even to 
measure the head diameter with an ordi- 
nary micrometer. All measurements were 
taken from the originals with the aid of 
nothi^ but a steel scale and a small 
magnifying glass. 



ndredths 



nITRy 






ALE 




■ j’ ^ / 

/ 



t}nd«r R mAftilfylac II Js nUtivtly 

to metctiTomintB wlthia .01 inch 

Then a small brass rod was chucked in 
the lathe and two slots sawed in it suffi- 
ciently far apart to make the two fucccs. 
A diamond pointed tool was then adjusted 
in the lathe tool holder at an angle so 
that the sides of the point cleared both the 



lengthwise and crosswise 
faces. Cuts were taken with 
great care, using the saw 
cuts at reference points, and 
the same scale and magni- 
fying glass were used for 
tw measurements. 



On this job the critical 
dimension happened to be the distance from 
the UK^redge of the saw cut to the shoul- 
der on the stud. The second photograph 
shows one of the studs placed against the 
edge of the scale. This illustrates how 
coarse and easily read the hundredths of 
an inch divisions appear under a magnify- 
ing glass. It it clear, even from the ^oto- 
gia^, that. the dimension in question it a 
trifle over six and one half divisions and is, 
therefor^ ai^roximately .066 in., the re- 
quired size. A checkmp after the studs ^ 
were finished ^owed one' of them cali- 
brated .0668 in., the other ,0672 in. 

The matter of getting proper light is ex- 
tremely important. Have the light evenly 
diffused from both sides, and check each 
measurement from two positions if pos- 
sible. 
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Special Purpose Shotgun Ammo 

By Clyde Barrow 



Birdshot» budkthot and the rifted 
alug are three standard rounds 
avaitable for the 12 gauge shotgun* 
While these loads are adequate for 
most appll cat tons, certain situations 
call for special ammo. Each of the 
five foTlowIng loads Is designed to 
overcome a shortcoming found In the 
standard 12 gauge rounds. 16 or 20 
gauge shells may also be used. The 
procedures are oriented to non re- 
loaders who win be buying and mod-' 
[fying preloaded ammo* The processes 
should be easy to modify for those of 
you who have reloading setups* 

A 

The factory loaded rifled slug is 
adequate to stop most medium size 
game and penetrate most thin metal 
barriers* Large bones and steel over 
1/6“ thick will cause the soft lead 
slug to rapidly mushroom ^d stop be- 
fore it has penetrated the target* A 
round headed steel wood screw In the 
tip of the slug will increase the de- 
gree of penetration by delaying this 
mushrooming action. Drill a hole In 
the exact center of the slug and turn 
the wood screw in flush with^the 
slug's tip. It is important to keep 
the screw from projecting past the 
end of the shotshell case. If a shell 
with an exposed point were loaded In 
a tubular magazlnoj the gun's recoil 
could cause the point ^to detonate the 
primer of the shell in front of It* 
This Is the reason all lever action 
rifle ammo Is of the round nose type* 
6 

This load Is used to penetrate a 
steel armor plate, Kevlar body armor 
and bullet proof glass* It would also 
be useful against tempered aluminum 
alloy armor found on current riot 
control vehicles* A. standard shotshell 
IS cut in half lengthwise with a ra- 
zor blade* The cut should extend from 
the front end to the edge of the 
brass base. Carefully peel the two 
case halves back and remove the shot 
pr slug and the targe cardboard wad* 




The lower wad and powder charge are 
left intact* Carefully drill a hole 
in the center of the large wad and 
1’nsert a carbide or hardened steel 
burr or grinder bit into the hole in 
the wed'. This projectile should not 
weigh more than the original slug or 
charge of pellets, Additional weight 
can cause excessive chamber pressure 
and may damage you or the gun. If you 
are a relpader, It's a simple chore 
to weigh the new projectile on a bul- 
let scale and then charge the case 
with the appropriate amount of pow- 
der* After the wad and tool bit ere 
inserted, the case Is sealed with a 
soldering gun* Just touch the cur to 
reseal it. Seal the sides only as the 
end should be free to unfold when the 
shell is fired* It Is sometimes pos- 
sible to seal the case with scotch 
tape but this causes feeding problems 
in some shotguns* 

C 

Standard rifted shotgun slugs have 
a usable range of only 100 yds* if 
a lighter rifle buMet is substitu- 
ted for the slug, the range Is 1n- 
craased several times* This Is accom- 
plished by encasing the bullet in a 
3 piece collar called a sabot (sa-'bo) 
defined as a thrust-transmitting 
carrier that positions a projectile 
In a tube)* The sabot travels down 
the barrel with the bullet and falls 
aside a few feet after leaving the 
muzzle* This principle was first usfd 
with artillery rounds and is the ba^ 
SIS of the new Accelerator rifle 
round* The Accelerator carries a 22 
cal * bullet with a surround 1 ng plas- 
tic sabot* The bullet/sabot combo is 
fired from a standard 30*06 case* The 
*22 bullet reaches a velocity of 
about 4f000 feet per second* This Is 
current ly the h 1 ghest ve loc i ty round 
available in small arms ammo^ Several 
years ago a 12 gauge shotsheM/sabot 
load was available commercially* The 
sabot carried a SO cal. machine gun 
bullet* This round Is now out of pro- 




A* Round headed wood screw In end of rifled elug, 

B. Hardened steel or tungsten carbide tool bit in wad. 
C* Rifle bullet encased in three piece sabot. 

D. Improvised slug made from regular shotshell, 

E. Grapeshot load - lead balls and wire. 
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ductlon and Is no longer avallble* 

Aft In depth look at the Accelerator 
and 50 cal* sabot loads will appear 
In a future issue* 

To make a 12 gauge sabot load, 
first cut a shell as in B* Aemove the 
targe wad and drill about 2/3 way 
through the wad's center. The wad is 
now cut into 3 equal pieces with a 
razor blade. Assemble the 3 sections 
around the bullet and Install the u- 
nlt in the case* Reseal the case as 
in B* The bullet will have a range of 
several hundred yards* As with all 5 
of these loads, adjustable rifle 
sights should be installed to utilize 
the full potential of the round* 

D 

Commercial rifled slug loads are 
often hard to obtain. An improvised 
slug load can be made from any regu- 
lar shotshell* The end Is first heat- 
sealed with a soldering gun. This 
win prevent the end from unfolding 
when the shell is fired. The case Is 
now cut almost through with a razor 
blade* Cut along a line just above 
the brass base* Leave only enough un- 
cut material to hold the case toget- 
her. These loads should be handled 
carefully as they may break open 
while being fed through a pump or gas 
auto action* When the shell Is fired, 
the case breaks along the cut and the 
entire front of the shell travels as 
a unit* These Improvised slugs usually 
stay together on Impact but could be 
modified to break open after striking 
the target* 

£ 

Riot shotguns with 18" or 20'^ bar- 
rels are Ideal for slug shooting but 
tend to allow buckshot to scatter In 
too wide a pattern for long shots* 
Buckshot patterns can be controlled 
by tying the individual balls toget- 
her with piano or picture framer's 
wire* This type of load is known as 
grapeshot and originated during the 
Civil War* To make a grapeshot load, 
pry open the end of a buckshot shell 
and empty out the Individual balls. 

A small hole is drilled In each ball* 
They are now strung like beads on the 
wire which should be about 12“ long. 

Tie the ends of the wire to form a 
circle about A" In diameter* A simp- 
ler method Is to substitute an equal 
amount by weight of fisherman's ?pl1t 
shot. Tie the wire loop as above and 
then crimp on each split shot with a 
pair of pi lers* The completed grape- 
shot I s now installed in the case * 1 1 
may be necessary to remove a portion 
of the wad In the case to make room 
for the increased volume. When the shot 
is in place, refold the end of the 
shell and spot seal or glue the end 
closed . Do not sea I the end comp lately 
as was done in 0, as this case Is 
supposed to open normally when fired. 
The shot remains attached to the wire 
loop and travels to the target as a 
unit* 

NOTE: Please remember not to greatly 
Increase projectile weight without 




POOR MAN'S JAMES BOND Vol . 2 



28 



THE POOR MAN'S ARMORER 



CHEAP TARGET 
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ARCHER ROLLS TARGETS FROM PASTEBOARD 




Tirftu ng Ijrafcr lh*Ti 
2 ft. In ditmet«r can b« 
roUtd UDdir one's knee 




Bfccer tirffits like that 
at the left ire started 
in the situe wty but fin- 
ithed on a wooden frame 
of the type shown below 



Straw target backs used for archery 
are exp^sive, wear out quickly, cannot 
be repaired when the centers have been 
■hot away, and cannot easily be made at 
home even in the few localities where 
suitable rye straw is to be obtained. An 
eKclkent substitute, however, can be 
made from ordinary single^faced corru- 
gated pasteboard, which is sold in large 
rolls for packing purposes. A target back 
of any size can be rolled from this 
material. The cost is low, it lasts well, 
and it can be repaired easily^ 

the roll of corrugated board into 
5*- or lengths and crush the strips 
ai dat as possible by running them be- 




2XX3‘0‘ 

AtiOl/TTi 
APART 



tween the rollers of a wringer, by flat- 
tening them with a lawn roller, or m any 
other convenient way. If the target ^ 
to be no larger than 2 ft. in diameter, it 
is now necessary only to roll the strips 
as tightly os possible under your knee 
and bind with wire as describe a little 
later on, It will improve the target to 



brush the pasteboard heavily with a solu- 
tion of sodium silicate (water glass). 

If a standard 4-ft. target is to be made, 
prepare a frame as shown in the drawing. 
Bore the center for a wood roller. It is 
best to start rolling the target under your 
knee (with the wooden roller in the 
center) until a diameter of about 13 in. 
has been reached and then mount it in 
the frame and continue rolling. Make 
the target from 4- to 6-in. oversize. As 
soon as the rolling is completed, place 
two No. 6 or S wires around the target 
as tight as possible and crimp them with 
pliers. Insert a small, hard roll of paste- 
board in the center 

When the center has been hit so many 
times that it “Jeaks,'^ loosen the wires, 
push out the damaged part, and roll and 
insert a new center. It may then be de- 
sirable to cut out a wedge-shaped seg- 
ment from the old part of the target, 
starting at the new insert and widening 
out to about 4 in. at the outer edge. 
Apply new wires and tighten until this 
apace closes. 



reduci ng the powder charge. Always 
wear tempered shooting glasses and 
hearing protectors when firing ex- 
perimental loads. I recofnmead their use 
for all shooting, but they are a neces- 
sity when firing improvised weapons 
or ammunition- iSi*a******* 
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AIMING GI PRACTICE GRENADES 
by Clyde Barrow 

Surplus practice grenddes can be 
easMy converted to Mve status In 
the home workshop* These converted 
units have several advantages over 
Improvised grenades^ The completed 
unit Is waterproof, the cast Iron 
body shatters well Into deadly 
fragments, the shape and weight are 
handy for both hand throwing and 
rifle launching. The fuse is Ut 
with no smoke, flash and relatively 
llttie noise* Probably most import- 
ant is the lever/pin system. The u- 
nit is absolutely safe until the pin 
Is removed* After pin removal, the 
armed grenade can be loaded in a 
launcher or carried In the hand, in 
both cases it*s ready for Immediata 
use* This eliminates fumbi 1 ng around 
with lighters, strikers and friction 
igniters* This is also the type of 
grenade that TV terrorists carry In 
their hand, without pin* "Shoot me 
and we a1 1 die" etc* 

These practice grenades are iden^ 
tical to the fragmentation units 
diagramed on P; 12 PMA Vol* #1, ex- 
cept for the following: 

A, The filler hole at the bot- 
tom of the body has not been 
threaded, and Is left open* Ho 
plug is suppl ied* 

B* The fuse assembly is supplied 
with a fired primer and burnt out 
fuse, usually corroded in place, 
C* Some examples have had the 
striker and striker spring re- 
moved, others are supplied with 
the above parts intact* 

D. No ignitor or explosive 
charge is supplied* 

Several military surplus suppli- 
ers are currently selling these 
"inert" grenades* Ads may be found 
in Shotgun Hews and in several gun 
magazines* Many exai^ples of these 
grenades are rusty, dinged up and 
arf missing the striker and spring. 
Some are of recent manufacture, 
while others date back to the early 
I950's* 

The finest example we've seen Is 
currently available from Sherwood 
01 5 tri butors* Price for a single u- 
nlt IS $1<*95* A lower price is a- 
vailable for case lot orders* These 
grenades arc clean, with no rust and 
are of recent manufacture* The stri- 
ker assembly Is Intact, 

When ordering grenades from Sher- 
wopd, or any other surplus outfit, 
be sure to specify ' moveable parts' 
as most dealers also sell training 
grenades* Tht^se are cast in one 
pifCe, contain no firing apparatus & 
ar4 useful as paper weights only. 



COWERS rOH PROCEDURE 
A* tody 

The unthreaded hole in the bottom 
of the cast iron body varies from 
3/8" to 5/8" diameter* (The example 
from Sherwood was 3/8" dla*} The 
prefered procedure is to thread this 
hole and Install a removable filler 
plug* This allows the fuse assembly 
to be Installed and waterproofed on 
the empty grenade body. The unarmed 
grenades can be safely stored in 
this manner and filled with powder 
prior to use. If threading the hole 
Is not possible. It may be sealed 
permanently by soldering a plug in 
place* A glob of auto body plastic 
filler may also be used. The only 
other work required on the body is 
to true up the top surface where the 
fuse assembly screws In* A file 
should be used to make this surface 
as flat as possible* This will allow 
a tight, moisture proof fit between 




body and fuse assembly* The rubber 
washer supplied is often cracked and 
should be replaced with a new one of 
sfml lar size. 

NOTE: Cock the striker, install the 
safety lever and pin before proceed- 
ing on the fuse assewbly. 

B. Fuse Assembly 

insert a long punch or nail, a- 
bout 1 /16" diameter , In the bottom of 
the fuse assembly* Drive out the 
spent primer and powder residue from 
the tube* Use a 1/8" drill to clean 
out and enlarge this tube* Enlarge 
the primer pocket to accept a small 
or large pistol or rifle primer, 
which ever is available to you* A 
black powder cap may also be used* 
The, primer or cap should be flush 
with the top of the fuse body when 
Installed* The hole should be large 
enough to allow the primer or cap to 
be pressed into the hole with finger 
pressure only* 

Cut a circle of aluminum foil a- 
bout 7/16" in diameter and epoxy in 
place over the primer or cap* This 
acts as a moisture barrier and al- 
lows the grenade to be carried in 
foul weather without worrying about 
misfires due to damp primers. 

Test various lengths of 3/3Z" 
cannon fuse, available from Zeller 
Enterprises g IS ft*for $1*00* The 
test should determine reliability 
and the specific burning rate for 
that particular roll* This Is Impor- 
tant because although fuse Is con- 
sistent within each roll, the burning 
rate may vary greatly from one roll 
to the next. 

Cut a length of fuse which will 
give the proper delay* Five seconds 
is generally accepted as a good dur> 
atlon, but the actual time may be 
varied to suit your, Individual 
needs* The Narls often left gren- 
ades lying around with no delay 
fuse at all* when a GI pulled the 
string on what he thought was a 5 
second delay fuse, he was greeted 
with an instantaneous exploslon*lf 
for some reason you make up a batch 
of Fuse assemblies with various time 
delays, it's imperative that you 
color code or otherwise mark them 
for your future identi f icatTon, 

When the proper length fuse Is 
determined, cut both ends on a dia- 
gonal for maximum exposure of the 
black powder center. This insures 
both good ignition from the primer 
and a nice fat spark to detonate 
the explosive filler* Coat the fuse 
except the ends, with epoxy, and 
press Into place Inside of the fuse 
assembly. If the grenade body will 
be filled with black or smokeless 
powder or match heads, {potassium 
chlorate) the spark from the fuse 
itself will be sufficient to deton- 
ate the filler. If the entire body 
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will not be filled, a wad of paper 
should be used to ensure that a ^ 
quantity of filler Is held In place 
around the fuse^ The spark cannot 
be counted on to make a jump. If a 
more sophisticated explosive filler 
Is to be used, be sure to use the 
correct companion booster or Igni- 
tor charge. Host high explosives 
cannot be detonated by fuse only. 

When the epoxy Is dry, coat the 
threads of the grenade body with 
Permatex or a similar non drying 
gasket sealer. This wl M form a 
waterproof seal between the body and 
fuse assembly, yet allow for later 
disassembly If necessary. After ad- 
dition of the explosive filler, the 
filler plug should also be coated 
with Permatex before installing. If 
the filler hole has been permanently 
sealed Instead of threaded for a 
plug, the explosive must be added 
before the fuse assembly Is In- 
stalled. Wipe all powder grains from 
the threads before Installing the 
fuse assembly* The grenade is now 
ready to use (see Grenades Part 1 
for ^procedure) * 

MOTE; Jf your particular /use body 
hds been made "safe" by removal of 
the striker and spring, the full 
si*e pattern enclosed may be ueed to 
fabricate a replacement- 

How TO SAFELY STORE 

DYHAHITE 

BY TODD H. 

Anyone who has read The Poor 
Han^s James Bond knows something 
about dynamite* The section on p.6 
of the PHJB has some good Informa- 
tion on dynamite, however, the 
part about storage of this high ex- 
plosive is rather vague, and also 
somewhat Incorrect- 

Contrary to what is written In 
the PHJB, gelatin dynamite CAK 
teak nitroglycerine Just like the 
sawdust-clay type dynamite* Last 
year, a friend of mine, who Is a 
road construction contractor and 
uses dynamite In his work, began 
a series of experiments on storing 
dynamite. He experimented with gel- 
atin dynamite by storing It in dif- 
ferent places to find out If It 
wouldMeak nitroglycerine* Two 
sticks of 1*0% gelatin dynamite 
were stored In hls^ workshop at room 
temperature* After eight months, 
some nitroglycerine had leaked out 
of both sticks and the milk carton 
that they were stored In had quite 
a bit of the unstable liquid in 
the bottom of It. 

Another two sticks of gelatin 
were stored In a cool place 
under his workshop- After eight 



months, the nl troglycei"lne had just 
started to seep through the seams 
in the paper wrapping on the out- 
side of the sticks* 

The third gPoup was stored un- 
der the workshop In a cool spot, 
laid out on a piece of plywood- 
Once a month, he simply rolled 
each stick over 180 degrees, After 
twelve months the dynamite was Just 
like new; no leakage at all. 

After his experiment was com- 
plete, 1 asked nty friend how to 
safely store dynbmite end what hap- 
pens to dynamite when It becomes 
unstable* 1 found out that- the more 
dynamite Is handled, the more un- 
stable it becomes. One Important 
thing about dynamite that has 
leaked and become unstable Is that 
the explosive power Is greatly 
reduced* 

If you are going to store dyna- 
mite, a good Idea Is to store it 
In a cool place and turn It over 
once a month. It will take more 
than a month to start leaking, 
but It Is better to be safe than 
sorry- Also it Is a good idea to 
store It In a leak proof carton, 
such as a milk carton, so that In 
case it does leak, the nitro will 
be contained and It won't run out 
at 1 over the pi ace. 

Disposing of unstable dynamite 
is a problem that has to be faced 
If you are careless about storing 
it* There Is no safe way to dis- 
pose of It, but a good Idea is to 
carry It very carefully away from 
all buildings and then geV clear 
of the area and set it off under 
a pile of newspapers* If you ^ 
this. It is very likely that the 
newspapers will catch on fire, so 
you should be prepared to douse 
the fire. If you do not want to 
blow it up, you can burn it, Burning 
dynamite Is very dangerous be- 
cause If you bump ft or give it 
any kind of a Jolt while ft Is 
burning, It will most likely blow 
up. 

Unstable dynamite Is very 
tricky and dangerous, so if you 
store it right In the first place, 
you won't have to worry about it. 
And, when someone tells you that 
gelatin dynamites don'tleaknltro- 
g1ycerIne,you wl 1 1 know the facts. ^ 




Gasoline* Seal the top and thorough- 
ly wipe the bottle clean and dry, 
especially the concave bottom* 

Step 2 

Pack the bottom full of Potassium 
Chlorate. Cut a circular piece of 
cardboard so It snugly fits over the 
bottom and tape It In place to keep 
the Potassium Chlorate In- Slip a 
plastic baggie over the bottom and 
wrap a rubber band around it* This 
Is to keep moisture out* 

When the bottle Is broken, the 
Sulphuric Acid will set off the 
Potassium Chlorate which In turn, 
win explode Che gasoline. 




HYDROCHLORIC ACID 
GENERATOR 
by Vi M Jam Segal 

When foM is dropped Into hydro- 
chloric acid, the result is a gaseous 
substance which can effectively clear 
a room. Occasionally, however, the 
gas may need to be emitted a short 
distance. In which case an acid-fillsd 
coffee can with foil placed Inside, 
would be of no help* 

A simple generator to aid In emit- 
ting this gas can be easily and inex- 
pensively constructed. This generator 
pan be used in Instances where the 
smoke may need to be Issued through 
a ventilation system, through a screet\ 
or generally tn situations where the 
gas Is to be directed to one certain 
area. 

The materials needed are; a Jar, a 
metal funnel, a small electric motor, 
one D size battery, a propeller sinal- 
ler than the diameter of the Jar, a 
tube of desired length (preferably 
metal , though heavy plastic will do 
for a limited duration before it 



Molot:ov 

BY EB* 

Step 1 

Take a wine bottle with a cgncave 
bottom and fill It with 3D% Sulphur- 
ic Acid, 20% Motor on, and 50t 



melts) ,some hydrochlorfc acid, and 
aluminum foil . 

First, the Jar lid Ts cut to shape 
using tin snips (as shown In drawing)* 
The center strip is cut in the middle 
and Its ends folded downwards— the 
gap between the folds should match 
the diameter of the motor. The pro- 
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pel lor Is connected to the shaft and 
the motor is then inserted between 
the two metal folds, held In place 
by wire and electrical tape. 

Onto this Improvised jar lid Is 
fastened a metal funnel, carefully 
sealed to avoid gas leakage. A small 
opening is made between the funnel 
and lid to allow space for the wires 
connected to the motor. 




The D size battery is taped to the 
side of the funnel and the motor 
wires attached to It. A switch Is 
connected to the wiring and the polar 
Ity should be such that the propeller 




gas and |)ush it out of the tube. Jf 
the propeller spins the wrong way, the 
device's purpose wH f be <fereated. 

The tube is then connected to the 
small, open end of the funnel and 
should also be sealed with black tape 
or epoxy to prevent leaks. 

When ready to use, the jar is flllerf 
wl th hydrochloric acid and a wad of 
aluminum foil is dropped Inside. It 
takes a few moments for the foi I to 
begin creating the sn»ke, providing 
ample time for the lid to be tightly 
screwed on and the propel ler activated. 

Depending on the size of the davlce 
and the motor's torque, Che gas can 
reach from three to six feet* This 
generator would be excellent for bug 
extermination and, if carried Incon- 
spicuously in a case, for keeping 
agressive dogs at bay^-to say nothing 
of assai lants. 



5 Homemade Spearguns 

BY 

WILLIAM SEGAL 



The above version is fine but if 
you wish to have the luxury of a han- 
dle and a trigger mechanism, then a 
more complicated design must be em- 
ployed. First, a piece of wood (pre- 
ferably oak or birch— one which will 
not warp) Is cut to shape as shown 
In the drawing. The holes drilled 
through the two tower-tike protru- 
sions at the top should be medc es- 
speclalty level, for much of the gurfs 
accuracy wlM depend on this. 

A trigger Is then cut from a thin 
piece of wood or a thick piece of 
plastic. Strong wire is used for the 
second part of the trigger mechanism 
which Is pieced through a hole In the 
rear tower to match the height of the 
trigger top. The steel shaft should 
be about 1/4 " In diameter with a 
notch filed in It, allowing for the 
wire mechanism to fit snugly Inside. 

A wrist rocket replacement rubber Is 
again used to provide the power for 
the speergun. The pouch is fastened 
onto the top of the first tower using 
a thick, bent nail as shown in the 
drawing; this arrengment will reduce 
the tension from the tower. On the 
ends of the surgical tubing is tlghdy 
wrapped a thick piece of wire In the 
form of a V shape. A notch Is made on 
the end of the spear shaft and the 



While it Is true that the speargun 
Is an effective and legal weapon, ^ It 
Is also true that the speargun can 
be expensive; the cheapest of which 
being In the price range of 20 to 30 
dollars. However, once the basic 
principle is understood, thqy can be 
constructed easily and Inexpensively 
(certainly much less than you vx>uld 
spend on a factory made one) . 

The most simple kind of speargun 
can be made using a six inch long 
piece of bamboo, a steel shaft, and a 
replacement . rubber for a wri st rocket. 
The ends of the surgical tubing arc 
attached to one end of the bamboo, 
using strong twine or string. This 
attachment should be made especially 
strong, as much tension will be ap- 
plied to this area. The steel shaft 
is slid Into the bamboo and the non- 
pointed end placed inside the rubber 
pouch. The pouch is grasped between 
the thumb and fingers as If you were 
firing an average wrist rocket, theh 
pulled back as far as possible. When 
it Is released, the spear is forced 
through the bamboo and Into the water 
(or air, depending on how you are 
using it). 



middle of the V is fit tightly into 
It. The first notch Is secured onto 
the trigger assembly and the tubing 
Is pulled back and placed on the end 
notch. When the trigger Is pulled 
the wire drops from the first notch, 
thereby releasing the shaft to be 
pushed with the surgical tubing. 

Another kind of aquatic weapon, 
(though not exactly a speargun), can 
be made at home. Devices similar to 
these In commercial use are called 
shark darts and are different from 
spearguns In that they force a dart 
Into the opponent rather than a spear. 
For this weapon to work the dart tmist 
be pushed directly against the ma- 
rauding animal . 

An empty C02 capsule is obtained 
and the open end drilled through to 
allow for a valve.' The valve stem 
from a bicycle. Inner tube can be cut 
off and cleaned thoroughly of the re- 
maining rubber. Using a hacksaw, half 
of the thread portion of the valve is 
carefully cut off, in the center of 
the end of the valve is a valve re- 
lease In the form of a small pinhead 
like protrusion. With half of the 
surrounding thread wall gone, the 
valve release Is readily accessible. 
The valve stem Is then pushed through 
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SCRAP SPEARGUN 




S6ar (detail) 




A different type of speargun can 
be made cheaply tiding an old tree 
lamp^ the kind of lamp fixture which 
encase$ a spring and extends from 
floor to CeMing. Three feet from the 
end is marked off and then cut using 
a hacksaw, though careful not to da'^ 
mage the spring Inside. The long 
spring Is removed and some form of 
pouch is made on the end of It. A knob 
from an old radio or television works 
fine as a pouch when It Is attached 
upslda down on the end of the spring, 
A wooden plug to match the diameter 
of the lamp pole Is cut to shape a- 
bout an inch apart in the top of the 
HDoddn plug and through them Is 
pushed a wire which will serve as a 
trigger. 

After the spring Is placed back In- 




capsule ano^ soldered 
or epoxyed around the rim to ensure 
an air-tight seal. Once dry, an air- 
pump (preferably one with a quick re 
lease) ts attached and the cartridge 
filled with air until the pumplhg 
strokes become difficult. After the 
pump It released, a hollow metal tube 
about 3'' long Is prepared with Inside 
threads to match those of the valve 
stem. This tube Is then screwed onto 
the end of the valve and a dart(with* 
out the fins) Is slid Inside, The- * 
dart. should protrude at least half an 
inch from the tube so that when the 
dart point ts pushed against an at^ 
tacking shark (or whatever) it wilt 
release the compressed air, forcing 
the dart out of. the tutw and Into the 
victim. 




trigger 



wooden 

-plug 



pushed up 
Into notch 




side the pole the wooden pllig Is fit It In place with the wire trigger, 
tightly onto the end. A notch near the When the wire is pushed down it leaVc 
end of the spear will serve to hold the notch and releases the shaft. 



The last kind of spcargun requires 
ittle alteration and works on the 
ame principle as gas powered spear- 
uns. Oh the small home fire extin* 
ulshers there Is usually a nostzle 
hrough which the fire extinguishing 
substance is emitted. On some units 
there Is a cone shaped pipe connected 
to this, which can easily be taken 
off, leaving nothing but the short 
nottle. If this nozzle Is plastic, a 
strong plastic sealant can be used 
to attach a hollow tube about 2 feet 
(or longer or shorter depending on 
the extinguisher's length) and bent 
St a right angle near-the end. If the 
Mzzle is metal, an aluminum tube» 
also at a right angle, can be fitted 
with threads and fitted onto the 
nozzle. Care should be taken when 



fitting’ 



nozzle 



waterproof 
^ tape 



GAS-POWERED SPEARGUN 



bending the metal tube so that there 
are no cracks or folds to allow for 
gas to escape, A steel 5haft,si Ightly 
smaller and thinner than the tubing 
inside diameter, is slid into the 
tube as far as It will go. Depending 
on how your extinguisher is designed,, 
a handle or trigger will release the 



gas and force the spear out of the 
tube. 

All spearguns are legal to own, 
however, It Is M legal to load or 
fire one while on a public beach. The 
gas powered spearguns should not be 
left out in the sun, as It Is possible 
the tank might explode. 






POOR MAN'S JAMES BOND Vol . 2 



33 



THE POOR MAN'S ARMORER 



Silenced Ruger Pistol 

By Clyde Bimrw 

This silenced pistol design is s simplified 
version of the AWC Silenced Ruger manufactured 
by S & S Arms Co, The AWC unit is available to 
Class 3 dealers for $225 and retails for $275, 
plus a $200 Federal Transfer ^ax when sold to 
private individuals. Included is a reprint of 
the Instructions that accompany the pistol. 
Qualified buyers should contact the manufactur- 
er for further information.* 

The basis of this unit is a Ruger RST 22 
autopistol, with a 4-3/4" barrel. The Ruger was 
chosen for both its reliability. and relatively 
low mechanical noise. An earlier version of 
this design was used by the OSS in W W XI and 
is still available to CIA and National Security 
Agency (NSA) personel. This early version was 
built on a High Standard pistol and contained a 
compressed stack of brass screen washers in- 
stead of shreaded coppOr and fiberglass. 



All measurements and procedures are based 
on the S & S drawing and they may differ 
slightly from the actual unit. Note that the 
instructions call ior two sizes of spanner, 
wrenches. This has been simplified to the use 
of a large screwdriver and hand tightening. If 
taps and dies aren't available, a system of 
shims, collars and set screws may be substitu- 
ted, This type of attachment is covered in the 
short barreled silencer article in PMA. page 58.. 
If you don’t have access to a lathe, a large 
drill may be clamped into a vise. Support the 
other end of the work with a wood block or sim- 
ilar steadyrest. 

The simplest method is to drill the 4 rows 
of holes in the barrel and install a removable 
silencer mount on the muzzle. These mounts are 
^"x20 male thread at the front- They are a- 
vallable for $25 from D.A.Q.* Mounts for sever- 
al other guns are also available. The bushings 
and aluminAim tube work can be fanned out to a 
machine shop. 



Materials Used 

1 - Ruger RST ZZ cal. pistol w/4-3/r 
barrel 

1 - 7/8" ID-1" OD brass tube; sold 
1n most hardware and plumbing 
shops as a toilet tank overflow 
tube, about 12" long, 

1 - 2-3/4" long aluminum tube V* ID, 



Y 00 

2 - 1 " OD washers 

Z - Drills - 1/8" and 1/4" diameter 

3 - Taps; 15/16*5/8 and 3/8 
3 - Dies; 15/16-5/8 and 3/8 
2 - Threaded bushings 

1 - Set screw w/allen wrench- 

The above taps, dies, bushings 



and set screw may be of any thread 
pattern you choose and the sizes can 
be altered to fit the materials a- 
va liable. 

Packing Material 

See enclosed S & S instructions 
for description of packing material 
and procedure. 
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Construction Procedure 

A, Disassemble the pistol and clamp 
the receiver-barrel assembly in a 
lathe. 

B, Measured from the front of the 
receiver, the first 3/8^’ of barrel 
is turned down to 5/8" OD* The re- 
mainder is turned down to V OD. 

C, A piece of ID aluminum tub- 
ing is cut to 2-3/4" long and is 
turned to a ^s" OD. 

0. Thread both ends of the alumin- 
um tube and the front of the barrel 
with a Y die. The thread pattern is 
up to you* Use Y20 threads with 
the D,A.Q* mount. 

E* —Thread the 5/8** 00 area of the 
barrel and install a 3/8" long bush- 
ing - 5/8" 10,15/16“ OD. 
r. Drill and tap the bushing for a 
8-32 set screw. Drill a shallow cor- 
responding hole in the bottom of the 
barrel . 

G. Cut a screwdriver slot in the 
front end of the barrel extension 
and join the barrel and extension 
with a 5/3" long bush1ng-»i"rD, 7/8" 
00. This bushing Is threaded on the 
inside only. The outside should slip 
snugly into the 7/8*' ID brass tube, 

H. Drill four rows of holes in both 
the barrel and barrel extension. Six 
l/S" holes per row in the barrel 
and five Y holes per row in the 
extension. Refer to drawing for 
placement of holes, 

I. To build the endcap, reduce a 
1" washer to 15/16" OD on one side 
and taper to 7/8" on the other* 
Solder this washer to a second 1“ 
washer. Drill the center hole to Y 
ID and thread. Use a file to serrate 
checker or knurl the edge of the 1" 
washer. This allows a good grip and 
eliminates the need for a spanner 
wrench . 

J. Screw the endcap onto the bar- 
rel extension. Measure the distance 
from the front of the receiver to 
the front of the tapered area on the 
endcap. This distance is about 6", 
but will vary with each Individual 
installation. 

K. Cut the 1" OD brass tube to the 
length arrived at in step J, The 
inside rear of the tube Is threaded 
to fit the bushing. Bevel the in- 
side front of the tube until the 
tapered edge of the endcap will slip 
snugly inside. This taper is impor- 
tant because it aids in realignment 
of the tube mounted front sight 
when the unit is reassembled after 
each repacking. 

L* Follow the instructions below 
for packing and assembly* 

H, If additional sound or flash 
suppression is needed, an endcap 
w/baffles may be installed. Con- 
struct and mount the unit as de- 
tailed in the AR 7 silencer plans 
on page 58, The endcap may also 
he based on the MAC design-see (The 



Removable Endcap") elsewhere in this 
issue* 

Suppressor Disassembly ; 

1 . After field stripping the pistol, 
remove the trigger-frame assembly 
(It slides slightly to the rear) and 
the bolt* Using the alien wrench Tn 
the end of the packing guide (see 
drawing), remove the 8-32 Allen set 
screw from the bottom of the suppres- 
sor housing. 

2. Use the spanner wrench to un- 
screw the Front Assembiy Kut. 

3. Clamp the suppressor outer hous- 
ing in a vise. It Is recomended that 
either a block of wood drilled with 
a 1" hole, two blocks of wood with 

a "V" slot, or several layers of rub- 
ber Inner tube be used to prevent 
marring of the blueing, 
k. Using the Packing Guide barret 
extension spanner, unscrew the bar- 
rel extension. It will unscrew about 
1/2 inch, 

5. Remove the barrel extension. If 
stuck, you may screw the spanner 
wrench onto the front of the barrel 
extension to give you a handle to 
pull with. DO MOT use pliers, as the 
barrel extension Is aluminum* You 
will note that the coupler remains 
attached to the rear of the barrel 
extension. Do not separate the two, 

6* Unscrew the receiver from the 
suppressor tube. This may require a 
bit of force, and It has been found 
that a rod (or large Phillips screw- 
driver) nakes a good wrench when in- 
serted In the holes tn the rear of 
the receiver. 

7. Discard all packing, Clean all 
parts thoroughly and lubricate 
thoroughly wi th a light rust Inhibit- 
ing grease* If the barrel holes are 
plugged with lead, clean with a 
sharp instrument, such as an Icepick. 

Packing and Reassembly ; 

1 . Punch or cut out the rivet In 
the copper scouring pads. Unfold the 
pads. Each pad is made of a sleeve 
of copper mesh about five Inches 
diameter and slightly over a foot 
long. Cut crossways Into five pieces 
and then twist each piece into a 
"rope’* about 1/4*' diameter and 7"S 
Inches long. With 2-1/2 pads , you 
will have twelve of these copper 

*' ropes.*' 

2. Screw the suppressor tube onto 
the barrel-receiver after lubrica- 
ting the barrel and tube with a rust 
inhibiting grease. Align the index 
marks oh the bottom of the housing 
and receiver near the setscrew hole. 
Replace the setscrew* 

3. Stand the unit upright on the 
workbench with the open end of the 
suppressor tube pointing up. Insert 
the narrow end of the packing guide 
Into the end of the barrel (the 
Allen wrench will be pointing up). 
This is used to guide the copper 
packing Into the rear suppression 
chamber. 



4, Wrap one of the copper "ropes" 
laade In step 1 aound the packing 
guide and push In with the white 
plastic tube supplied (1/2*' PVC wa- 
ter pipe)* Hammer the end of the 
plastic tube to drive the copper 
rope In as far'as possible* After 
partially hammered In, It may be 
necessary to temporarily remove the 
packing guide. Packing the copper tn 
tightly is critical to the effect- 
iveness of the suppressor, and re- 
member that you are going to pack tZ 
ropes (2-1/2 copper scouring pads) 

In the rear chamber alonel In a sim- 
ilar manner, pack in the other 11 
ropes of copper. After the 2-1/2 
scouring pads have been hammered in, 
you should still be able to see por- 
tions of the threads on the end of 
the barrel. Note; 2-1/2 to 2-3/4' 
pads appears to be optimal. Never 
use over 3 pads. 

5* Looking down the bore of the 
pistol, you may have seen several 
small wisps of copper packing pro- 
truding throught the holes In the 
barrel. Several passes of an oiled 
brass bore brush should clean out 
most of these strands of copper. The 
rest will disappear after the first 
shooting. 

6. Install the coupler/barrel ex- 
tension assembly. Use the spanner on 
the packing guide to tighten the 
assembly. 

7. In a manner similar to step 4 a- 
bove, pack the fiberglass around the 
barrel extension in the front sup- 
pression chamber. The fiberglass 
does not have to be packed ^ulte as 
tightly as the copper, but light 
blows with a hanmer are recommended. 
Fill the front chamber with fiber- 
glass to the front, end of the sup- 
pressor outer housing. 

8. Screw on the front assembly nut 
using the spanner wrench provided. 
Screw hand tight only. 

8. Shoot the weapon to check the 
point of Impact, and adjust the 
sights If necessary. Point of impact 
may change slightly with repacking. 

NOTES ; 

1 . NEVER use a thread sealant (such 
as Loctl te) . 

2. Factory repacking service is a- 
avallble, but shipping the weapon 
requires transfers, Repacking can be 
done while you wait, if you bring 
the weapon - 

3. Repacking kits (copper pads and 
fiberglass) are available for $2 ppd. 
Obtaining the materials locally is 
cheaper. 

AWC SERIES SOUND SUPPRESSED ROGER 
PISTOLS - 

Description ; The unit consists of a 
standard Ruger model RST-4 pistol tn 
cal .22LR with an integral sound 
suppressor. The barrel of the pistol 
has been modified for use with the 
sound suppressor by having been 
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drilled to port hot into the 

rear suppression chamber (see draw- 
ing). By bleeding the gasses within 
two Inches of the chamber , velocity 
Is slightly reduced, keeping the 
bullet subsonic* The rear chamber Is 
packed with dense shredded copper, 
which cools the hot gasses quickly 
reducing both their temperature and 
volume. Copper has been found to be 
exceptionally eff^tive as a heat 
conductor. The front suppression 
chamber is packed with fiberglass 
and acts similar to a "Glasspack" 
automobile muffler, helping to fur- 
ther muffle the report, expand the 
gasses, and spread out the sound 
pressure peak. The suppressing prin- 
ciples are not new, but the combin- 
ation is effective. The barrel ex- 
tension coupler and front assembly 
nut both help keep the outer tube 
(which carries the front sight) con- 
centric with the bore of the barrel. 

Ammun 1 1 1 on : Because of early porting 
of the gasses in the barret reducing 
recoil, the recoil spring of the 
pistol has been modified by having 
three turns removed from the spring. 
This functions well with all types 
and brands of ammunition with the 
exception of CCi Standard Velocity, 
which occasionally falls to eject. 
All other CCI ammunilton works well. 
Velocity measurements range from 825 
f.p.s. to 875 f.p.s. (Standard 6 HV) 
in the suppressed weapon as compared 
to 1,050 to 1125 f.p.s. In an unmo- 
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by Clyde Barrow 



This design for replaceable si- 
lencer endcaps was developed by 
HltcheM UerbeM , head of Military 
Armament Corp (MAC). The design re- 
sulted from silencer research con- 
ducted during the Vietnam era. 

The endcap contains two hard rub- 
ber baffles, a spacer and a retain- 
ing washer which Is staked in place. 
The undersized holes In the baffles 
become enlarged and Ineffective 
after several hundred rounds. The 
unit is then removed by hand and a 
fresh replacement is Installed. The 
worn caps can be discarded or may be 
returned to an arsenal for rebuild- 
ing. 

Replacement baffles can be 
eade from amber squeegee rubber, 
available from art supply shops and 
lanltor lal suppi iers . 
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dified pistol. The velocity of the 
CCI Stinger ammunition Is reduced 
froml.HO to 530 f.p.s. There Is a 
slight loss In effectiveness of the 
suppressor using ammunition, and 
we recomend standard velocity .2ZLR 
ammunition for backyard and basement 
shooting . 

Sights ^ The standard model suppressed 
Ruger uses the original fixed sights 
which came with the pistol. The front 
sight is attached to the suppressor 
housing, and Is normally supplied 
somewhat high, making the weapon 
shoot low. This is done In case the 
purchaser wishes to Install adjust- 
able rear sights. If the standard 
sights are to be used, Che front 
sight may be lowered by filing dur- 
ing the sighting in process. Windage 
can be adjusted by drifting the rear 
sight. We can provide adjustable 
sights at a slight additional charge 
If ordered at the time of ordering 
the weapon. There are many excellent 
sights which can be field Installed, 
Including Micro and HiniatureMacKIne 
Company (HMC) adjustable rear sights. 
Interestingly, the MHC sight re- 
quires a front sight lower than the 
original non-adjustabTe~~sTght. Sight- 
ing radius on the suppressed pistol 
Is approximately I0*\ and the sup- 
pressor adds only about three Inches 
to the overall length of the pistol. 

C I ean I ng : It Is recomended that only 
minimal cleaning of the weapon be 



THE POOR MAN'S ARMORER 



performed between repacking inter- 
vals, Routine cleaning should con- 
sist of using a brass brush dipped 
in solvent to scrub the bore, fol- 
lowed by a dry patch and a lightly 
oiled patch. The receiver and bolt 
can be cleaned with powder solvent 
and lightly oiled. We use WD*40, and 
have been satisfied, although any 
light oil will work. Whenever repack- 
ing of the sound suppressor Is per- 
formed, then a thorough disassembly 
and cleaning of the weapon is rec- 
ommended . 

Loii of Efficl*n_tcy : With tincp minu» 1»d 

f hft V [ n g » . 4 nd powder residues will obstruct the 
ports In th* barrel Leading to the rear suppres- 
tioit chamber, and th« weapon will become notsy, 
requiring repacWlng. It Is eitlnated that repack'- 
Ing wILL have to he performed every 400-S00 
rokiAds. Materials are avallahle locally, and 
after the first tine' about an hour will be re- 
quired, For owners In the Albuquerque area, we 
cm provide this service at the factory for a 
nofslnal fee. 

Fackloq Katerlals : Toiel cost will be slightly 

1eit tiUn a dollar. The shredded coppeV for the 
rear suppressors chamber Is available at nost 
tupemarkets as "Chore Girl Pure Copper Scouring 
PadfV Buy threa^ as you will use 2*1/2 pads. 

Cost as of April 157? was 20c P«r pad. DO kOT 
STEEL WOOLi LT BURNS. For the front sup- 
pression chamber you will use a piece of one 
Inch thick fiberglass about by IS"- This Is 
available In hardware stores In wide rolls 
for Insulating pipqs. 



INTERIOR VIEW 



A. 

B. 




ENDCAP COMPONENTS 

Hole 5/e" ID 

Knurled Rim 1-3/*i" 00 x 3/32" 
Undercut 1-7/16" 00 x 1/8" 
Undercut For Baffin Expansion 
Hale Threads 

1-9/16" X 20 NC X 3/8“ tong 
Spacer - Aluminum Tubing 
1-1/V OD X r* ID X i/2“ long 
Plastic Baffle 

9/32" ID X 1/4" thick x l-I/4"0D 
Aluminum Retaining Washer 
1-1/4" OD X 3/4" ID X 1/l6"thick 
Indentation From Staking Punch 
(1 of 6) 



These caps will fit tubing with 
the following specs: 1-3/4"0D- 
1-1/2" 10 {l/8"wall) Thrcads-20 
per Inch HC - (thread depth 1/32") 
Available In .45, 9mm, or ,380 
sizes, the caps are sold to anyone 
for $17-90 each or $150 per dozen 



plus UPS shipping, (you can mix 
sizes for a dozen,) Order from; 

Tim D. Bixler Firearms Co. 

Box 1455, Gretna LA 70053 
Specify: MAC Suppressor Wipe As 
semblies and include caliber de- 
sired when ordering. 
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By Martin Kruse 

FhDtDB by H.^^TUBe 

Sack on page 2^ (jf thkfi Armorer 
an article appeared under the tJtJo 
"Speciar Purjwse Shotgun Aimno.'" 

This article dea 1 1 w i t h Imp r&v 3 s ed 
techniques for modifying regular 
shells to perform specialised func- 
t tons. 

In discussing this uri th Clyde, 
he reformed me that several readers 
had urrlEten him questioning ttlft uSe, 
funct iofiabl 1 Fty, and saFety of these 
loads H He ^ndered IF I couM shed 
any light on the use of any of them 

Wen, I hevn't tried an &f therri 
but I have had a great deal of ex" 
perlence with the one designated in 
the article by the letter This 

is an Improvised slug made from a 
regular shot sheTI, This really is 
an old hnibMIy trick. We call it 
''ringing a load^' or ^'cutting a 
ringed load." tts use goes back to 
the time when the first brass based 
paper shells came OUtp and En sOflUs 
parts of the country it's been a 
pretty comfuon practice ever stnce. 

To make a ringed load, all you 
heed is a shot she | I and a good 
sharp knife. Just cut through the 
shell at the wad column leaving on“ 
1 y a narrow strip, maybe about l/l6 
of an inch, of shell casing holding 
the two lections together^ | ' yt 
never bothered to heat seal the end 
0 r the she 3 1 tas i ng so i guess 1 1 
really isn't necessary> but you can 
If you want lo. However, most of 
I he time this Is used in a pinch, or 
as a survival measure and a solder- 
ing iron just fsn't handy. 

When a shell treated In this 
manner Is fired, the entire shot 
load remains intact wl th F n the she 1 1 
casing and wad co I umn , i mpa c 1 1 ng the 
target as a single projectile. Frag- 
mentation takes place during pene- 
tration. 

For this reason, the ringed load 
does far rmre damage In many cases 
th an a conve n t i ona I rifled si ug , 

l"ve taken wild ptg and several 
coyotes wl th them and I l^cnow guys 
in Alaska who've used them on moose 
and hear, they're a little too dc* 
StructFve for regular meat or hFde 
hunting but they sure do the jofa 
In a pFneh. 

The explosive nature of their 
construction as well as the accur- 
acy and performance of the rin-ged 
load makes this a good choice for 
defensive use. They should be one 
hell of a manstopper, and certaFnly 






shell For ringed load. 

The Rem I ng ion factory chB rt for 
their 1 2 ga . rifled slugs gives a 
drop figure of lO.A^' at 100 yds. 
This figure is established using a 
test barrel designed and choked 
specifically for rifled slugs. Fir- 
ing these rified slugs through sev- 
eral full -choked barrelSp I got be- 
tween 33 and 37" drop at 100 yds* 
Ringed loads fired from the same 
barrels dropped from 15 to be- 
Ipw the point of aim. 

Bot h loads gave their bes t pe r- 
Formance through special slug bar- 
rols^ or rfot guns. Barrels of this 
type ware tried In lengths of 13, 
S0p22, and with chokes of Imp. 

cyl . bore. 

The 12 ga. sl 
erage of 12 '" 
taptable amount 
factory claims 

mancej The ringed loads came in 
with an average of 5” through the 
same guns at that distance- 

Ho special slug guns were avail- 
able for testing Fn 1^ and 20ga., 
so all testing done with regu- 
lar field guns. They seemed to shoot 
a Uttle flatter than the 12 g&, 
but the same descrepancy occurred 
between loads. The flatter traject- 
ory means a decrease In necessary 
holdover. This reduces the possible 
error at unknown distances and 
greatly improves chances for a clean 
kill unde r field cond i t i on s . 

F n a rfd i 1 1 ofi , the r 1 n ged I oad s 
showed . con s 1 de ra b I y less lateral 
dispersion. Test groups irtrc Fired 
from a bench rest at 25 i 50, and 



better than a birdshot load used 
in the con ven t i on a 1 man ne r , tfh a t * s 
iflo re , their ac cu ra cy and shoo ting 
characteristics are such that you 
may choose th* ringed load over the 
convent i ona i rifled slug for many 
ant i-personn«l appl icationa. 

Some tFme ago, in preparing an 
article for one of the more con- 
vent Tonal gun magazine^, F ran ex- 
tensive tests comparing th* accuracy 
and performanc* of th* rlng*d loads 
and r*gular Factory rifled slug loads 

Comparisons wer* made In 12, IS, 
and 20 gauges through a wide range 
of barrel lengths and ohokeS. Tests 
were made for both ballistic per- 
formance (effect on the target} and 
accuracy of the the projectiles, in 
side by side comparisons, the 
ringed loads' pflrForrnanc* was truly 
S LI rpr F s i ng , Th F s 'field con version' 
actually outshot the factory load. 

The biggest plus i found for the 
ringed load was that they shoot 
much flatter than the rifled slug. 
The greatest difference oc cured when 
both types of projectiles were fired 
through Full choked barrels of stan- 
dard 28" length. 

One reason For the great dif- 
ference In the trajectories of the 
2 loads Is that the constrbtion et 
the end of the barrel has mora 
slowing effect ofi the rifled lead 
slugs than on the slick hull cas- 
ings, This Is born out by the fact 
that both loads shoot flatter In 
more op*n-chDked barrels, but the 
amount of different* was greater 
with the slugs. 
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Rie black ppwiier i b lyfl I led b. 
light bulb filainent located at 



CDm[)d IT 3 photn Ehow:s dkfFsrence m between rTn^cd 

load projectile pn left end twelve gauge rifled slug. 



easily penetrable than steel plate* 

I F ypu have to use a shotgun for 
that purpose tear bodies, for ex- 
am^^le) rnake a batch pF the loads 
designed by the letter *A* In the 
a Fore -men t Toned art Tele In Vol.li^2 
PMAn &Ut fpr face to face anti'^per- 
Spnnel appi I ca t Tons p the ringed 
load should do one bell pF a job+ 

And they are, contrary to spina of 
Che warnings I *ve heard froin sev' 
eral armchair experts, sefe to 
f I ra. 

Chamber pressure does not b«- 
cpriH excessive. The projectile wt. 
is tbe Same as IF the uncuC shot 
load had been f 1 red+ I've never 
experienced any barrel problems as 
a result oF using ringed loads, 
but I'm told, and suppose it Ts 
convel vable+ that It may blow the 
chokes Qut of some European shot- 
guns vjh i ch ha ve ext reme 1 y thin 
tubes . 

Vqu may corne into one problem 
though, &ack when this trick came 
Into usop the shotguns around uere 
mostly break act i ons p either singles 
or doubles + that you could feed any^- 
thl ng into without a hitch. Same 
repeaters are ^ bit more finickyrin 
all the pumps I've tried, the ringed 
loads feed into the chamber smoothly. 
But on sofT^ of them, the ejector 
missed the shortened piece of cas- 
ing and It smokes tacked in the ac- 
tion. This naceSSltated tipping the 
gun while che action was open to 
dump the fired base before closing 
the breach on a new round. As with 
the pumps, some autos functioned 
smoothly^ Others gave varying da- 
grees of headaches ^ with cures 
ranging from simply clearing the 
a-c 1 1 on to comp lets d i 5 a s s amb 1 y . if 
you shoot an auto, try It out first 
before you put it on the line. 

At any ratCi check out how the 
ringed loads stioot through your own 
gun* There's no suhstitue for know- 
ing first hand- S4it0^ Wotos 

Tf you are concej^ed aboyt 
ppHffitle ?uji or shoo tar damag#^ 
maXa ^ur first batch af ringed 

from Jow power AsVS and gufl-ii 



THREE SHOT 
PLASTIC PISTOL 

The Troika pistol ^ designed by 
the Soyiets as an assassination 
weapon, 1s Comprised of as little 
rnetal ai passible. This allows the 
user to conceal the weapon on his 
body and hopeful ly pass through a 
magnetonieter check at airports, 
guarded government install atlons^ 
etc. The pistol showp is not an 
exact copy of the Troika^ hut it 
1s based on the same general prin- 
ciple. 

The body is made of plexiglass i 
with a thin brass liner in each 
barrel, A plastic or fiberglass 
bullet, about 30 caliber, is muizle 
loaded over a charge of black pow- 
der. 



By Clyde Barrow 



the rear of each barrel - A rocket 
Ignitor would also work. The three 
fllaflients ar& wired to ao on/off 
trigger and a four position selec- 
tor switch. Setting^ A, B, S C will 
allow the corresponding barrel to 
fire. Setting D is wired to A. BSC 
so ail three barrels may bo fired 
at once "If desired. Power Is sup- 
plied by a 9 volt ra 



filament 



a Pole 
5el ector 
Swi tch 



100 y-irds. The ringed loBd groups 
ware about 30 % tighter in all 
gauges and through every harrol . 
This \i due„ in great degree, to the 
fact that the ringed loads fit the 
boro (about ,^9 in 12 ga+^which la 
.72 caliber). The slug^ pitch and 
yaw^ wobbling down the barrel and 
in flight- Al^O^ their ^hort,. al- 
i!K)st round shape^Ts not conducive 
to great inflight stability* 

The se cha r ac t a r i s 1 1 c s are evi- 
denced by the fact that rifled 
slugs occasionally keyhole on tar- 
get at 100 yds. and freguehtly at 
150 yds. (The latter distance Is too 
great a re nge for their e f f e ct i ve 
u4* but provad very revealing for 
test purposes,) 

The ringed loads with their 
tighter Fit and greater weight and 
length Seem to leave the borc On a 
true line and stabilize well. No 
keyhpling occurred with ringed 
1 oa ds eve n out to the ^omewha t i m- 
practicak range of 200 yds- They 
cut a neat^ f ul I -cb 1 i ber ,wad-Cut ter 
like hole- 

The other factor which may lead 
to your choice of the ringed load 
for some application Is that, due 
to their greater weight, (573 ^r. 
for a ringed load cut from a Wes- 
tern l-l/A oz- 12 ga- load of fours 
with Fiber and card wads OppoSicdl to 
3d 2.8 gr. for a Winchester factory 
rifled SI lug}, they hTt a hell of 
a lot harder. And as I mentioned 
earlier, their construction makes 
these projectiles highly destruc- 
tive. They'll make a hell of b mess 
out of anything which Is more 



Trigger 

Switch 



The pi-ojectiles have a low irel- 
ative stopping power and should k^e 
poisoned to losure a kill. Tkils 
pistol is ihtended for point blank 
use only. It would have little ac- 
curacy at any great distance. 
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Colored wires D 
Joined to form 
one curcuit 

STEP k - CONTROL BOX 
K Glue the rubber or plastic strip 
to the other 1-1/2*' x 4*' strip of 
wood* This will be the bottom of 
the box. When assembling, the plas- 
tic or rubber will be facing up* 

Z. Screw the hinges to one of the 
2-1/2** X 4" pieces of wood and at- 
tach the other side of the hinge 
CO the side of one of the 2-1/2*' x 



FI 9*5 

C B A 



6, From Fig* 5, connect wire D to 
wire D on the control box and then 
connect wires A, B, & C to wires A, 
B, & C from the control box* See 
Fig. b for completed assembly. 



The instructions and diagrams 
listed here will give you a control 
box capable of detonating } mines 
or bombs* Using your Imagination, 
you can modify the design and make 
a switchboard holding a hundred or 
more buttons * 

If you decide to build a bigger 
switchboard, it would be a good l- 
dea to keep the control buttons In 
groups of 3 for easy hookup, repair, 
and replacement of batteries. Be sure 
to label each button so you can N 
dentify it with your target* if you 
plan to hook up your defenses a- 
gainst a future attack, you should 
protect the wires running from the 
control box to the mines. Either 
coat them with a spray or paint 
to avoid deterioration of the insu- 
lation, 'or encase the wires In tubes 
Uke BX cable* 



Besides the switchboard hookup 
for manual detonation, flashbulbs 
are great for all sorts of contact 
mines, trip wires, and bombs to 
combat tree climbing snipers. 





1-1/2" pieces of wood. 

Drill a 1/l6*' hole in the bottom 
of the other 2-1/2" x 1-1/2" piece 
of wood, which will be the left 
side of the box, and a 1/6'* hole 
in the top right hand corner of the 
other 2-1/2" x 4'* piece of wood, 
which will be the back wall of the 
box* 

4. Using nails, screws or glue, as- 
semble the box. There will be no 
top to it. 

STEP 5 - ASSEH6LY 

1. Take 3 flashbulbs and attach a 
length of wire, color D, to one 
terminal on each bulb. Then take 
one length each of wire colors A, 6 
S C and attach one of the colored 
wires to the remaining terminal. 
Follow the hookup diagram in Fig.5* 
Insert the bulbs into the explosive 
of your mine or bomb. 

2. Slide the push buttons over the 
springs and glue the springs to the 
bent nails. 

3. Solder the dangling ends of wire 
from the control panel to the con- 
tact points. 

4. Rest the power pack on the rub- 
ber strip, and feed the wire (D) 
through the hole'. 

5* Secure the control panel to the 
top of the box and feed wires A, B 
fr C through the hole at the top 
right back of the box. There should 
be a space of about 1/B" separating 
the contact points on the push but- 
ton from. the copper strip on the 
power pack. 
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Improvised 
Claymore Mine 

By Raymond J. Lamer 

Black Powder Squib; 

Obtain a 12 volt lamp bulb (with 
a flange on It [head or tail light 
bulb]). Carefully break the glass 
off of the bulb* Solder wire leads 
to the rear and the side of the 
bulb* You can check the filament 
iby very quickly attaching the wire 
leads to a 12 volt battery* Gtue 
the bulb Into the rear of the clay- 
more casing with the flange inside 
the case and the wire leads out the 
back* Kake a paper cylinder that Is 
large enough and long enough to 
protect the filament of the bulb* 
Glue this cylinder to the inside of 
the casing so that It protects the 
f f lament. 

Cas Ing: 

This can be made of almost any- 
thing, but 1/8 inch thick plexi- 
glass Is one of the easiest mater- 
ials to work with. Kake a small box 
that is 3 Inches wide by 6 Inches 
long by 1 inch deep* You need k 
sides and a bottom but no top* Use 
solvent type glue to put the box 
together* 

Kote; the box can be made any size. 
The larger it is the more damage 
you can do with it but also the 
more explosive it wMI take to fill 
It. 

Drill a hole In the middle of 
the bottom of the casing large e- 
nough to put the base of the Tight 
bulb thru, install the black powder 
squib in the casing as shown In the 
drawings* 

Casting: 

Hake a mold with an outside 
length and width slightly less than 
the Inside dimensions of the casing 
This should be approx* 1 .inch deep* 
This mold can be made with body 
putty or with plaster of parls.Let 
it cure and then use spray paint to 
coat the inside of It until the 
mold Is smooth to the touch* 



To Cast: 

Spray the inside of the mold 
with a casting release agent- Hix 
and pour liquid casting plastic In- 
to the mold until It Is approx* \/k 
Inch deep* Mow pour In 3/16" or l/l>'* 
steel ball bearings until you have 
a layer of them covering the bottom 
of the mold* Add casting plastic If 
needed so that the layer of balls 
is barely covered* Set the mold a- 
side and let the plastic cu^e* NOTE: 
Plaster of Paris or body putty can 
also be used to cast the balls in. 
The ball bearings are the easiest 
to work with but any metal can be 
used (nuts, bolts, screws, naMs, 
etc*). 

When the casting has cured, remove 
it from the mold. Use alcohol to 
remove the wax residue from the 
casting* 

Now carefully pour black powder 
into the paper cylinder that pro- 
tects the filament of the bulb In 
the casing- Lightly shake the cas- 
ing to settle and pack the black 
powder around the filament* Now 
fill the rest of the casing with 
black powder until you have a level 
layer of black powder slightly ar 
bove the top of the paper cylinder* 

Place the casting inside the 
casing on top of the layer of black 
powder* Mow use a silicone or plas- 
tic sealing compound to seal around 
the k edges of the casting* Once it 
dries your cl aymore mine Is ready to 
be used* NOTE: for concealment use 
colored plexiglass or paint the 
claymore after you've put It toget- 
her* 

Emplacement; 

To place the claymore, tape it 
to a tree, pole or what ever Is 
handy. Hake sure the ball bearings 
point toward the enemy. Remember 
that this type of weapon produces a 
mean back blast so make sure you 
are under cover when you set it off. 

Vou can make up a control board 

control a number of claymorai 
that you have in place. Or you can 
simply string wires from each of 
your mines to a centrai location 

CLAYMQRE 



and touch the ends of the wl res to 
the poles of a 12 volt battery. 
NOTE: This weapon can be made mon 

effective (cover a larger area ) by] 
making the casing end the casting 
st ightly curved. 

THIS WEAPON CAN ALSO BE HADE 
USING THE EXPLOSIVE AND FUSE BELOW. 



Explosive; 

Mix three (3) parts Potassium 
chlorate and one (l) part granula- 
ted sugar. Confine in a container 
(In this case the claymore mine) 
and use time fuse to set it off* 
Time Fuse: 

BoM equal parts of potassium 
chlorate and granulated sugar in 
v#ater. Dip cotton string in the 
solution and let dry* Burfng rate 
Is approx, sixty (60) seconds per 
foot. Test some to make sural 

This weapon can also be used on 
the side of a truck or tractor* 

This ^s done in Vietnam and was 
found to be highly effective In 
ambush situations where the enemy 
wes at close quarters to the vehi- 
cle being attacked* 

Hake a steel box epprox* 6" deep 
and 12 by 12" on the sides* Just 
sides I bottom, no top. Solidly 
attach the box to the side of a 
vehicle with bolts or weld it In 
place. Hake sure it Is attached to 
something solid - remember that 
back blasti Hake up 2 sand bags, 
one 6 X 12 and the other about 10 
X 12* Set the small bag in the bot- 
tom of the box and the larger bag 
Into the back of the box. (The open 
*end of the box should point out- 
wards' from the vehicle). How set 
the claymore into the box so that 
It Is sitting on top of the small 
bag and against the large bag* Se- 
curely fasten the mine Into the box 
with wire or what ever Is handy so 
It won't fall out as you drive down 
the road. 

A switch set Into the dash is 
the easiest way to set this place- 
ment off. wire a lead from the 
battery thru a breaker or a fuse 
to the switches and them to the 
claymores. 
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SILENCER 

This silencer design is an improvement of the OSS 
silencer from WW II and is the forerunner of the si- 
lenced Ruger design from issue #4 PMA. 

Aug; 31, 194S. w. p. mason 2,448,332 

sxbacn 

ni*d Oet. 2$. 19M 




This Inveii'tlon relates to firearms and more particularly to a 
silencer for reducing the muzzle blast. 

The principal object of the Invention is to reduce the noise asso- 
ciated with the muzzle blast of a firearm. Other objects are to reduce 
the weight, size and cost of a silencer and Improve the stability of 
performance. 

Important factors In silencing the muzzle blast ot a firearm are 
the rapid cooling of the power gases and the reduction of pressure before 
they emerge. An effective silencer utilizing these principles comprises 
a chamber containing heat absorbing material through which the bullet 
passes. The effectiveness of such a device depends, amoung other things, 
upon its cross-sectional area. Applicant has discovered, however, that 
the importance of having a large cross-sectional area diminishes con- 
siderably toward the front end of the silencer. 

r/G,4 
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FtG^S 





In accordance with the invention > therefore, the chamber has at its 
front end a section of reduced cross-sectional area. Weight, size and 
cost are reduced without seriously affecting the efficiency of noise 
reduction. The silencer may be built as an attachment or, preferably, 
the rear portion of the chamber may be built around the barrel of the 
firearm, with communicating holes through the barrel. The heat absorbing 
material may be metal screen , which may take the form of apertured discs, 
stacked one upon another and preferably held in compression. Plating the 
screen with some metal such as tin before punching the discs will in- 
crease the stability of performance. ^ 



Flash Powders and 
their Production 

By Dan Moore 

Flashpowders are sonw of the 
most explosfve kinds of powders 
known* In fact, Lenz* even regards 
flashpowder as high explosive due 
to Its tremendous power* In addition 
to this, flashpowders are both easy 
and safe to manufacture* It Is 
because of this that \ have decl^ 
ded to explain In detail the manu- 
facture of these powders* 

The most common of these powders 
is ^'Photof lash” powder or just sim- 
ply "Flash” powder. This powder is 
the easiest to ^manufacture and the 
least expen 5 1 ve. The equl pment 
needed to make photoflash powder Is 
a mortar and pestle, a scale or 
balance, and several plastic con-^ 
taincrs* The chemicals required 
are;powdered aluminum (Al), sul- 
phur (S) , and potassium permanganate 
(KMnOA) . These chemicals should all 
be finely powdered for best results, 
(it Is best to buy finely powdered 
aluminum as It cannot be ground. 
Sulphur and potassium permanganate 
should be ground separately in the 
mortar and pestle to a conslstancy 
of flour*) The ratio of weight of 
these chemicals Is; one (1) part 
sulphur, one (t) part powdered 
aluminum, ahd eight (6) parts 
potass 1 urn permanganate* After pow- 
dering, these chemicals should then 
be placed In a plastic container 
and shaken thoroughly for ten (10) 
minutes to Insure even mixing. The 
(flashpowder should then be kept In 




a plastic container and stored In a Instead of using potassium chlorate, 
cool dry place* sodium chlorate Is used. This may 

Another explosive powder which offer an alternative to survivallsts 

even surpasses photoflash powder is sodium chlorate can be obtained 

chlorate flashpowder* Chlorate from Solidox(See The Survivor Vol*2, 

flashpowder Ts much more powerful issue #9)* 

than photoflash powder and also Although 1 have just listed the 

much more sensatlve* The reason for basic flashpowders and their manu- 



Its increased strength is the use 
of potassium chlorate (a very pow- 
erful unstable oxidizing agent) *The 
equipment needed for making chlorate 
flashpowder is the same as for pho- 
toflash powder with one minor ex- 
ception* A flat metal pan and a 
hammer are used to powder the 
potassium chlorate as the fric- 
tion from a mortar and pestle could 
cause an explosion* The chemicals 
required to manufacture chlorate 
powder are; potassium chlorate 
(KC103), sulphur (S) , and powdered 
aluminum (At)* The ratio by weight 
of these chemicals is; one (1) part 
sulphur, one (1) part powdered al- 
uminum, and two (2) parts potassium 
chlorate. Once again all chemicals 
should be finely powdered and 
thoroughly mixed for best results* 
Chlorate powder should be kept In a 
plastic container and stored in a 
cool dry place. 

One other flashpowder ts a 
derivative of chlorate powder* This 
Flashpowder is manufactured in thje 
same way as chlorate powder, however 



facture, there are several things 
that one should know before manu- 
facturing them* To start with, the 
equipment meeded for producing these 
powders is very basic In nature* 
fteally, the piece of equipment that 
needs to be purchased is the mortar 
and pestle, as it would be hard to 
improvise. The plastic con^tainers 
can come from just about anywhere* 
For example, the plastic containers 
I Found to work best were nothing 
more than plastic butter dIshes.The 
balance that Ts required can be 
makeshift Just as long as it is 
reasonably accurate. The balance 1 
used was constructed as such: 

A notched wooden dowel is used 
for the main beam of the balance 
while a Vacu-vise and an Exacto 
knife are used as a base.OTxle cups 
can be used for containing the chem- 
icals during weighing and fishing 
sinkers are used for weights* I 
have found this kind of balance to 
be very successful for the measuring 
purposes in this article. 

One final note about manufactur- 




POOR MAN^S JAMES BOND Vol . 2 



43 



THE POOR MAN'S ARMORER 



log these powders is the emphasis 
on safety, as it should be with any 
article on explosives production. 
Although these powders are not as 
sensitive as conventional explosives, 
there is always the chance of an 
accidental detonation. To lessen 
or eliminate this possibility, cer- 
tain precautionary steps should be 
taken, A list of these steps Is as 
fol lows ; 

J_. Hix flashpowder in no more 
than 3 ounce batches to lessen 
the explosive potential. 

For chlorate powders, add a 
small amount of bicarbonate of 
soda to desensitize the chlorate 
powders . 

2- Never mix or store powders 
near an open flame. 

Keep the work area clean and 
wel i-organlzed. 

Mix only enough powder for 
Immediate use. 

Provided these steps are taken, the 
manufacture and use of flashpowders 
will be both safe and simple. ^ 

IMPROVISED SMOKE/ 

GAS GRENADES 



BY "Q" 



To those readers who've buMt 
Dan Hoore^s "Super Bazooka" on page 
53 and have spent the past few 
months' free time by blasting away 
at trees and fenceposts in sessions 
of secret target practice, the 
question has probably arisen as to 
what to do with ail those empty 
rocket engines. Fervent Survival- 
Ists needn't discard them as use- 
less; because 1 have Just the In- 
formation you need to turn those 
little tubes Into some of the best 
smoke 'n stink bombs available. 




Start by examining your supply 
of spent engines; select those 
which hayn't had their walls burn{ 
thin and with their nozzles still 
intact. Open up the venturi In any 
of the clay nozzles which have 
been fused shut* 

Place a piece of reliable fuse 
in the nozzle, use any length of 
delay you wish but have at least 
1-1/2" Inside the casing, Zeller's 
3/32" cannon fuse works fine. Bend 
and tape the fuse over to the side 
of the engine, to keep it out of 
the way, and apply a square of 
tape over the fuse/nozzle junction. 
This wl 1 ) help keep the filler 
from leaking from the fuse end 
during manufacture-you can remove 
the tape when they're finished, 
though that's not essential. 

I might point out here that 
it's a good idea to simplify your 
work by setting up an"assemb1y 
line" and by performing each step 
on a number of casings at the same 



Next, place either 3-1* scoops 
(use a *22 LR case as a measure) 
of Fuzee powder, the black ignitor 
portion from the body of a rail- 
road flare; or 3 to i paper match 
heads inside the Inverted casing. 

If you use Fuzee, carefully tamp 
It down with an unsharpened pencf). 



ADD HATCH 
HFADS OR 
FTJZEE 



PACK 

WITH 

PBNCIL 




Next, fill with the smoke powder 
mixture to^ the end of the casing 
and tamp down with a dowel the 
same size as the Inside of the en- 
gine. (You can first start packing 
using the pencil. In order to avoid 
scrunching the fuse*) Fill to the 
top again and tamp In. We have used 
either a vise or a hammer In order 
to insure that the mix is tightly 
packed, without a single mlshap.Re- 
peat this until there Is about 1/V 
distance left to the end of the 



case. Note: depending upon a num- 
ber of variables, which include 
the exact composition of your mix, 
your ability to construct them and 
local weather/atmospheric condi- 
tions, your grenades may work bet- 
tor left relatively loose, or ram- 
med down tight; so a bit of exper- 
imentation Is in order here. 



ADD 

FILLER 



I 



PACK 

WITH 

DOWEL 





u 



6 



Finally, wad up some 1|XV' scraps 
of paper (newspaper or magazine 
stock Is what we prefer) and tamp 
them. down In on top of the powder 
charge. Use several pieces to 
bring up. the level to about 1/6" 
from the end of the casing. This 
paper serves both as a primary 
end seal and as a heat-sink to 
prevent possible damage to the mix 
by the final wax seal. With that 
done, seal the end by pouring 
melted wax over the paper; allowing 
it to pool In the recess. We just 
let the wax drip from a candle. 

This Is better than using epoxy 
to sea) the cases, as It enables 
one to use the grenades Immedi- 
ately after production, as welt as 
permitting you to dig out the seal 
on a used/dud unit In order to use 
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ings and practice "ftrings**. Once 
the wax has cooled your 1 title 
wonder Is ready for use. 

Our most successful demonstra-^ 
tton Indicated that one of these 
goodies would produce enough Ammo-* 
nIa-Sulferlsh smoke. In the 5 to 7 
minutes they last, to contaminate 
the interior of a suburban-type 
ranch house. Outside, especially 
on damp nights, they will produce 
a foul-smel 1 Ing white cloud which 
Just Blankets a 50X50' area. These 
were made from a '*C" size engine. 
Naturally a "0" engine would be 
proportionally more effective-or, 
make regulation "Police" size 
grenades from cardboard tubes, 
forming your own nozzles. 

Various chemical fillings will 
work, but the mixes we found most 
effective run as follows; 

75% Annonlum Nitrate 

\5% C Carbon (finely ground 

charcoal briquettes will work 

10^ S Sulfur 

This will produce a "seeper" 
that will slowly function over a 
10 minute period; good for the 
situations where you wish to leave 
before much of a stink Is started. 
For a more devastating filler that 
win actually BILLOW, use about 5) 
less HH^NO^ and add SX KNO^ 

(Potassium Nitrate) or homemade 
black powder. 



CALTROPS 

and 

IMPROVISED 

BARRIERS 



By Clyde Barrow 

The traditional Caltrop is a four 
pointed device that was originally 
scattered on roads in ancient times 
to injure the hooves of horses being 
ridden by the opposing ara^. These 
devices are equally effective again- 
st today's automobile tires. The four 
points are arranged in a manner that 
guarantees that one point will stick 
straight up no matter how the caltrop 
is placed on the ground. This allows 
the devices to be scattered from a 
fleeing auto, thrown by hand or 
dropped from the air. The road can be 
opened only after the caltrops are 
picked up one at a time by hand. The 
cleanup personnel are susceptible to 
sniper fire during this cleanup per- 
iod. A pileup of several disabled ve- 
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Add a drop of wax to the noz- 
zie/fuea Junction or store your | 
completed grenedai In a ziplock ! 
bag, as tha mix Is somawbat hygro- 
scopic and may taka on soma mols- 
tura from tha air or moist sur- 
roundings. For your first tast 
firing It Is bast not to hand-hold 
tha grenade, although this Is pos- 
sible once you can predict Its 
functioning. Not only may it get 
quite hot, but it may malfunction 
dangerously If you prepared the 
filler Incorrectly. Wedge it Into 
the ground and stand upwind to 
watch the action. When you^ra 
satisfied that your construction 
is safe you can proceed to throw- 
ing or othei>fisa delivering the 
rest of that batch to your target.^ 



hides will of course add to the pro- 
blem of reopening the roadway, espe- 
cially if all available t<M trucks 
have received multiple flat tires, as 
there is usually only one spare tire 
per truck. Imagine several hundred 
of these devices on a major freeway 
during rush hour traffic. 

A. A simple caltrop can be made as 
fpllows. They are easier to make 
than describe. If the following does 
not make sense, try it first with a 
couple of pieces of coat hanger or 
welding rod, and play with the design 
until you come up with the right 
shape. A dimestore protractor Is use- 
ful in determining the correct mmber 
of degrees for each bend. 

The completed units should be 
painted flat black or dark gray. They 
will blend in with the color of the 
roadway and will be almost impossible 
for drivers to spot and avoid, even 
if they are on the lookout for them, 

1. Cut two pieces of iron or steel 
rod, W* to V diameter, to a length 
of 

2. Sharpen all four ends to a 
sharp point with a file or grinder. 

3. Weld or braze the pieces into 
and 'X' shape. 



Interchangeable 

Powder 

Cartridge 

By Martin Kruse 

The .32 Winchester special , which 
was Introduced In 1895 and chambered 
until recently in the Hodel Win- 
chester level gun, was originally 
designed as ar smokeless powder car- 
tridge suitable for reloading with 
black powder. 

It was found that the .320 caliber 
and a rifling twist of one turn in 
18 Inches would accomplish this Idea 
better than the .30 caliber borewith 
one turn In 12 inches twist found In 
the .30/30. The faster rifling twists 
found In rifles chambered for smoke- 
less cartridges foul so badly when 
used with black powder (especial 1y In 
bores of .30 caliber and smaller) 
that they are rendered totally In- 
accurate after just a few rounds. 

If you think smokeless powder Just 
might not be here to stay, an old 
.32 Winchester special may be your 
kind of gun. 



With the 'X' lying flit "on the 
befich, bend one leg until it is 
straight up in the air, i.e. at a 
right angle to the bench. 

5. The remaining three legs are 
now bent until they are at 120 deg. 
angles to one another. If placed on 
a circle, the legs would divide that 
circle into three equal parts. A11 3 
legs should still be flat on the 
bench . 

6. Each of the three legs is now 
bent until they rest at a 30 deg, 
angle from the surface of the bench. 
The fourth leg should still be ver- 
tical . 

Each of the four legs should now 
be 120 deg, from its. two adjacient 
legs. The caltrop should now rest 
solidly on any combination of three 
legs, with the fourth pointing 
straight up. 

Several variations of the caltrop 
design exist. The following are the 
most useful and easily improvised. 

B. The spike board (see PHAVol.113). 
ri The spiked hazard used at drive- 
7n movies. These allow normal traffic 
to exit, but cars trying to make an 
unauthorized entry are impailed on 
the spikes, which protrude at about 
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45 deg. from the ground. Those spikes will contain total of 12 holts. IE.* 
art counted on a weighted axle which six sets of holes, one set for each 
pivots flush with the roadway on exit bolt (See drawing), 
but locks solidly In place during an b> Use a grinder or file to sharpen 
attempted entry. tHe ends of the bolts. 

^ The borders between European c^ Pass the bolts through the holes 

countries are equipped with movable and install and tighten the nuts, 
road blocks that resemble the foldr d. If welding equipment is avalla-' 
ing gates often used to prevent tod- BTe, large nails may be Installed 
dlers from falling down stairs or In the holes and welded in place, 

from entering *off-limits^ rooms. The 
device has a sharpened spike at each 
pivot point and is anchored at one 
side of the road. A guard extends 
the obstacle into one or both lanes 
to block the road, and folds it out 
of the way to allow authorized ve- 
hicles to pass. 

^ A Caltrop like device that re- 
quires no welding or bending can be Clyde, 

constructed from short sections of 8<>t PMA #5 and saw your 

pipe and six bolts and nuts. If little article on Caltrops. There's 

welding equipment is a vail able, the way to make them out 

same 'device can constructed using about 1/32" sheet steel that 

six large nails. The advantage of needs only a pair of tinsnlpa (al- 

this type of caltrop is that several though compound leverage aviator's 

of the units can be strung onto a snips would be easier to use ), Just 

chain or cable. This assembly can be a piece of sheet steel to the 

stretched across a roadway and an- shape shown in Figure 1, then twist 

chqred to solid material ,1 .e.bould- ^ 0 ^ across the narrow waist, see 
ers, trees, wrecked vehicles, etc., at Figure 2. The Caltrop will alt on 
each end. The road can be reopened one edge and one point with the re- 

only by cutting the chain or cable mainlng point sticking up. See Fig- 

with a torch or bolt cutters. The ure 3. The 1/32" thickness is okay 

personnel attempting to remove the for passenger cars, but heavier me- 

obstacle are again open to sniper tal should be used for trucks and 

oti\er large vehicles. With nothing 

The pipe caltrop is constructed but scrap steel, a pair of tlnsnips, 

fol lows » The measurements can be and a couple of hours , you can have 

altered to suit the materials on hand hundreds of these little devils! 

Each individual caltrop is made from 
a six inch long section of 1-lV dia- 
meter pipe, and six, 3" bolts w/nuts.‘ 
a. Drill 6 sets of holes through the 
^pe. In 3 rows of 2 holes each. Pipe 




FIGURE 3 
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TheTruth About 
Knife-Throwing 

By Martin Kruse 

Throwing knives is an enjoyable 
way to pass Idle time, it's an in- 
teresting and challenging sport, and 
It's a skill which may save your 
life In a pinch.frut don't count on 1 1 
Knife throwing Is not nearly as ef- 
ficient a means of dispensing death 
as paperback novels, television, and 
movies would lead us to believe. 

The fact Is, even If you devote 
the time and effort required to de- 
velop the skill, it*s of very limi- 
ted value. 

First off. It's strictly a close 
range proposition* Most men i know 
get a range of 12-15 feet maximum 
wl th any degree of rel iabi 1 I ty * I know 
a few men who stick a blade consis- 
tently and accurately out to 30ft* 
When 1 hear a man claim he can do 
any good with a blade beyond that 
dl stance, well , I may not call him a 
liar, but I sure want to see it be- 
fore I bel leve him* 

Another thing, your range isn't 
Just limited by a maximum distance. 
Unless you take the time to develop 
a high degree of skill and practice 
regularly , your effectiveness may be 
limited to one or two specific dis- 
tances. This is because the knife 
turns in the air and there are only 
a few points along lt*s line of tra- 
vel at which it will be point first 
at the target. 

The more common throwing tech- 
niques cause the knife to turn once 
every six feet* (It varies with the 
individual * Tm planning a slow mo- 
tion film study on the subject. If I 
ever get around to it 1*11 report 
the findings In the Armorer.) This 
means that while you may be sudden 
death at ^ or -12 feet, you're pro- 
bably S.0*L. from 8 to ID feet. 

That's not a favorable prospect for 
use in combat, 

Vou can Improve your odds with 
practice, however, If you're good at 
accurately judging distances you may 
be able to change your throwing style 
to turn the blade faster or more 
slowly and thereby increase the span 
of your effective ranges* 

But, throwing a knife is still an 
iffy proposition at best* The only 
'throwing knife' which has a high de- 
gree of reliability is the Oriental 
Shirken or Throwing Star. These 
wicked little gems are nothing but 



points and stick no matter how they 
are turned. All the thrower need 
worry about Is accuracy* (l alsohope 
to report on the shirken and bow 
they're made and used In a later is- 
sue.) This Isn't the case with a 
conventional blade, however. 

I would like to State here end now 
that in further discussions of edged 
weapons, any mention of a blade's 
throwing characteristics Is merely 
an evaluation of the weapon, not an 
endorsement for using the technique 
in combat. 

Just about any knife can be thrown* 
The balance point of a knife means 
very little in most cases*0nce you 
have learned to get the feel of a 
knife just shift the position of 
your grip accordingly and you'll be 
able to stick almost any knife in a 
target . 

Being able to throw a knife Is Im- 
pressive, especially to someone whcte 
tried it a couple of times without 
success. It's a great way to win a 
few beers and it may save your ass 
someday. I've never regretted having 
taken the trouble to acquire the 
skill. But at no time should you al- 
low yourself to forget the limita- 
tions of this In practical applica- 
tions, While It Is definitely worth- 
while to be able to throw any blade 
which presents Itself as a weapon of 
opportunity, If there is a serious 
intent to your practice,kni fe selec- 
tion' becomes critical , 

Stay away from the so-cal led throw- 
ing knives that are supposedly mdde 
for the purpose*As weapons, they * re 
not worth a tinker's damn and most 
of them actually don't throw well 
anyhow. Stilettos and daggers also 
make poor choices. Whl le they throw 
nicely, they are generally too light 
to do much good as an attack stop- 
ping project! te. 

For defensive or combat use, It Is 
best to stick with a heavier blade 
whenever possible. For my money the 
large Bowies are the best bet* The 
Marine Corps combat knife is an ex- 
cellent choice. I believe this repre- 
sents about the minimum size and heft 
for a real fighting blade* I consi- 
der anything smaller and lighter, In'^ 
eluding the ever popular British 
Falrbairn to be inadequate* They may 
be fine for a surprise attack where 
one or two quick thrusts will do the 
job, But when it comes down to a real 
brawl,! want something with some heft 
to it to slash and even cleave bone 
If necessary* 

The Marine Corps knife Is also a- 
bout the largest blade that most 
people can wear concealed.A butt 
down underarm carry works well as 
does positioning it in the center of 
the back butt down * Depend t ng on where 



you live you may be able to just 
strap It on in plain sight as I of- 
ten do. The respectful looks you'll 
see on the faces of the street cor- 
ner punks will enrich your soul and 
restore your faith In humanity* 

These knives possess excellent 
throwing characteristics and have e- 
nough weight to give at least some 
penetration, thereby giving you at 
least some chance to put your man 
down* It probably won't do the job, 
but It is a chance, and If It's the 
only one you've got, take It! 

Where knife throwing Is concerned^ 
if you have time to think about It, 
think of something else*You're pro- 
bably better off hitting someone 
with a brick or a good heavy rock. 

But when all the bets are on the 
table, you play the cards you've got 
and hope they're^good enough. Some- 
times ail rules of thumb are meaning- 
less* Just act quickly and relent- 
lessly. And stay al ivel 

If the bastard's about to pull the 
trigger on you and the knife is in 
your hand, then have with It, pitch 
away.Take your best shot and follow 
through with lt.lt probably won't 
take him down, but It may divert his 
attention long enough to close the 
distance and kick his head In* 

Follow through Is important In any 
knife attack. A simple stab or slash 
Is seldom enough to put an attacker 
down. Especially a thrown blade which 
may not have penetrated deeply. 

Fo1 low your blade in. (Unless you're 
one hell of a knife thrower, you* 1 1 
only be two Jumps away.) Jump on the 
sonofabitch and push the blade In 
the rest of the way. Then twist it. 
Or, follow it up with a swift hand-to- 
hand attack using every dirty trick 
you know or every weapon at your 
disposal. Do so regardless of whether 
your throw went true or not. 

Any opening you can create In your 
opponent's defense (or balk In his 
attack-whicK is actually the same 
thing) should be exploited with alt 
the fury and force you can muster. 

YAWARA STICK WITH .410 PUNCH 

BY DARVIS MCCOY 

The walking-stick shotgun described 
In Issue i\ PMA can easily be turned 
Into a yawara stick that Is deadlier 
than any martial arts weapon ever 
taught in sel f -defense school s* 

The materials needed are the same 
as described in Issue jf^l, except that 
the point of a nail makes a more ef- 
ficient firing pin than a bolt* The 
.1110 shotgun shell fits the half In* 
size of the pipe very nicely, while 
3M Inch lead pipe works well as the 
outside sleeve. Wrap the 1/2 Inch 
section In duct tape until there Is 
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enough friction to keep the Inner 
section from sliding around freely 
Inside the outer sleeve. The 3/4 In. 
piece should measure about k ln.» 
while the 1/2 in. section should mea- 
sure an Inch longer. 

Drill a shallow hole from the in- 
side of the pipe cap, exactly In the 
center of the cap. The diameter 
should be the same as an eight penny 
nail or a little larger. Don't drill 
all the way through the cap. Just 
deep enough to form a recess that 
Hfi 1 I hold the shaft of the nail. Now 
cut off the point of the eight penny 

WATER PIPE 

The walking stick shotgun made 
from water pipe which was featured 
in PMA jfl could be a very handy wea- 
pon, except that It's unsafe to 
carry. Besides the danger, It could 
be very embarrassing as well as a 
detriment to your continued freedom 
to have your^walking stick' either 
fali apart or go off at the wrong 
time. 

You can eliminate this potential 
hazard by putting in a pin type Saf- 
ty lock. This Is simply a piece of 
1/8" or 3/18" drill rod slightly 
longer than the diameter of piece 
number three and bent at a right an- 
gle at one end for a stop. By dril- 
ling a hole through piece three at 
Point A and Inserting the safety pin 
there you will block the shell from 
the firing pin. it won* t ^however , 
prevent the weapon from sliding apart 
If you don't trust tape not to let 
go at the wrong time, you may run 
the pin through both pieces 13 and 
§5 by placing It at position B.Thls 
placement requires section f3 to be 
longer than your shell. Keep in mind 
that section #5 must be longer than 
section #3 for the mechan Ism to f 1 re. 
The pin through both pieces at 

UNCONCEALED CONC^LED~"W£APON 
BY MARTIN KRUSE 

The good old-fashioned blackjack is 
still one of the best hand-to-hand 
weapons around for real close quarter 
work. Unfortunately, however, our law- 
■akers have seen fit to make this fine 
defensive weapon H legal. In most 
states, now, the laws are so warped that 
the blackjack is not only illegal to 
carry, but It's even prohibited to 
own one (unless you're a police offi- 
cer). This has made this fine weapon 
relatively hard to come by. 

As usual, though, the law is really 
pointless, since there are several 
Improvised types you can make your- 
jself which work just fine. The han- 
diest, least conspicuous, and most 
•"bust proof" is an English style cap 



nail, giving you a quarter Inch 
section of shaft with a sharp point. 
Put epoxy on the blunt end and Insert 
into the hole. The assembly of the 
yawara stick Is described in issuelL 
Either end of this stick can be 
used for Its respective purpose: the 
cap end for striking, as. with a reg- 
ular yawere stick, or the protruding 
end of the half Inch section for 
deadlier intentions. Care should be 
taken to wrap enough duct tape around 
the Inner section so there will be 
no danger of the .AlO shell going 
off when the cap end 1s^ struck 



forcefully. It should only detonate 
when the small end is smashed a- 
galnst its target. The end can also 
be securely taped together to pre- 
vent the sections from separating 
while it's being carrled- 

To test your stick, empty a .AlO 
shell of shot and pofi^er, and load 
It Into the stick. Smash the busi- 
ness end into the dirt, slanting it 
away from you to protect your eyes 
from flying particles. If the primer 
detonates, succgssI If rot, make 
sure the firing pin (nail point) is 
In the center of the cap. * A * 



SHOTGUN SAFETY 



BY MARTIN KRUSE 




SAFETY— -W 
single pin 



u double pin 
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cotter p 
^opt ionalj 
- pi pe, 

safety 
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point B will prevent the mechanism 
from sliding apart or closing to the 
firing position. But the shell can 
still come Into contact with the fir- 
ing pin and possibly discharge. The 
best method,! think, would be to use 
a double safety shaped like a large 
staple which would engage at both 
points. This would not be any slow- 
er to remove for firing than the 
single pin, and Is truly double safe 



If you worry about the pin falling 
out and the weapon 'arming', you can 
drill the open ends of the staple- 
shaped pin and fit them with small 
removable cotter plns^Th-ts step 
wtlK however, greatly Increase tl^ 
time needed to take the weapon 'off 
safe' and make It ready to use. 

Editor’s Soto: A rubber band around 
piece ffJ would also hold the *V’ 
shaped safety in place > 




with a one to three ounce fishing 
sinker In It. Just attach the sinker 
Inside the back of the cap with a 
large safety pin. 

This Is perhaps the best kind of 
concealed weapon In that it Is dis- 
guised rather than hidden. You can 



"legitlmlie" the weapon by pinning 
in a small packet of fishhooks and 
maybe even some line with the sinker. 
As far as P know, there Is no law a- 
gainst carrying any fishing gear in 
yotir hat. And, it will do double duty 
if you do happen to be a fisherman 
(f ! shpersonT) . 

When needed, the weapon can be 
brought into play in a hurry. Ho dig- 
ging Into pockets, boot-tops or 
sleeves. Just grab the brim and 
swing. It's extremely quick and ef- 
fect ive. Catch an attacker across the 
side of the head with a good swing 
and he'll go out like a light. 

The English cap Is a comfortable 
and practical piece of headgear which 
has come back Into style in recent 
years. It's Just the thing for a late 
stroll In any neighborhood! 
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HOMEMADE MISSILE 

By Clyde Barrow 

IKTRODUCTION ( SEE PAGE 5 ) 

The missile plan detailed in this article is a 
sythesis of several antitank missile designs used by 
NATO forces during the last 15 years. The construction 
data has been broken down into three sections: 
airframe/motor assembly; guidance unit; and payload/ 
detonator section. 

This design is intended as a general guideline only 
and there are many areas where alternative materials 
may be substituted. All materials described are avail- 
able from either model rocket suppliers or firms that 
sell radio control airplane accessories, A sample list 
of these firms and their addresses has been included 
at the end of the article. 

Actual construction information has been kept to 
the basics. Those familiar with building model planes 
and rockets will be able to improve upon the design 
and come up with a more sophisticated product. For 
those unfamiliar with radio control or model rocketry 
T suggest buying a copy of 'Basics of Radio Control 
Modeling' by Marks and Winter and 'The Handbook of 
Model Rocketry* by Stine, These and similar publica-’ 
tions are available at the local libraryi hobby shop, 
or bookstore. There are also several radio control 
plane magazines available at the local news stand. 

As cost is a factor, it should be noted that 
these missiles can be built for about $50 each. This 
compares favorably with the Soviet SAM missile, 
currently used by third world terrorists, SAH missiles 
are known to cost about $1000 each to produce, 



pENERAL DATA 

Type: surface to surface antitank missile, 

tortyiguration : length, 24**; diameter, 4*‘; 

wingspan, IS"; solid balsa cruciform wings, 
spiral wound paper tube body and nosecone. 
Propulsion type : 4 solid propellant single stage 
motors - burning time - three Seconds, maximum 
combined thrust - 36 lbs - average combined 
thrust - 8 lbs. 

Payload : high explosive shaped charge approx. 



tw lbs, of explosive. 

Guidance type : two channel radio control, 
visually guided to target, 4 movable trim tabs 
on wings for steering. 

Detonation : impact switch in nose activates 
electric detonator, 

launchin g: launch frame has rail to accept tee 
shaped launch lug on missile body, frame is ad- 
justable for height and has top mounted handle for 
carry! ng^ 
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MATERIALS 

Section One - A1 rf rame/Hotor Section 

balsa - three pieces 4"* x 36** x 
hardwood dowel - 1/8" x 36V. 

spiral wound paper tube ^ two pieces 3 7/8'’ diameter x 
16H" 1 on 9 available from Estes- 
motors - 8 " D ** motors by Estes* 

Ignitors - 4 Estes "solar Ignitors". 
fireproof wadding * 1 piece Estes* 

Section Two ^ Guidance Unit 

R/C receiver* two servo units and an on board battery 
for missile. Compatable transmitter for ground direc- 
tion. These units are available from numerous suppliers 
of R/C gear. Only two channels are needed. The two 
channel setups are available complete for as little 
as $75. Several frequencies are available. Any fre- 
uency will work but those within the CB radio range 
27 MHz) should be avoided to eliminate the possibil- 
ity of outside interference, 

BOTE: #1 

As a backup to the Impact detonation system, a 
third channel may be added to allow manual firing 
of the missile. This type of system Is known as 
COWAHO DETONATION, 

NOTE: 12 

If an airburst fragmentation charge 1s used, It 
will be necessary to use a connand detonator type 
of system, 

NOTE: 13 

A variation of this missile can be built with- 
out the control mechanism or movable trim tabs. 

Launch angle and point of Impact can be figured 
with the tables and related Information contained 



In The Handbook of Model Rocketry by Stine or with 
the artillery range calculation tables available 
in many military publications. Trial and error 
will also be a factor 1n achieving accuracy. 

Section Three - Payload / Detonator 

doorbell button. 

4 feet of bell wire. 

electric blasting cap or improvised electric initiator, 
commercial high explosive or Improvised plastic ex- 
plosive filler - about 2 lbs, 

1/16" copper sheet to make cone-approx. 3 7/8" dia- 
meter X 4'* long- 

Accessories 
motorcycle battery 

two channel radio control unit, (transmitter) 
launch frame, 

constrik:tion information 

Section One • Alrf rame/Hotor 

Nings; 

JTGTue two pieces of balsa, 36*'x4'*x^" together to 
Tbrm a piece 36*'x8"x%", 

8- Cut this piece In half to obtain two pieces lS"x8"xV* 

C. Cut these two pieces as shown In Flg.l. Note that 
one wing should have a 2^" slot from point A to point 
B, while the other wing's slot Is cut from point C 

to 8. The two wings will then fit together as shown 
in F1g-2. Test fit and disassemble for step D. 

D. Cut a slot in each wing for the l/8"xl3" 3bwel 
Finge, Note that the slot In one wing Is offset 1/8" 
to allow the dowels to cross each other when the wings 
are assembled- See Fig. 3. 

1. Glue the four trim tabs to t he two dowels and in- 





stall these assemblies Into the wings- Glue a small 
retaining block over the ends of the dowels to hold 
them In place. Test the movement of the trim tabs in 
the wings. They should turn freely, 

F. Apply glue to the 2V* slot In each wing and assemble 

the wings as shown In Fig. 2. Allow this assembly to 
dry before continuing. 
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Body Tube and BulkhEads : 

G7 Cut four slots k" wide x 6h" long In one end of 
tbe body tube. The tube should now slip over the 
wing assembly* Tbe r-ear of the tube should extend V' 
beyortd the rear of the wings, (see Fig. 4) 

H. Cut two 3 7/8" diameter disks (measure the ID of 
the body tube for exact size) out of the reinainlng 
k** thick balsa sheet* Qlue one disk into the front 
and one into the rear qf tbe wing .assembly . Check to __ 
be .sure tbe body tube will still slip over the wi 



before the disk's glue has dried. See Fig, 5 
I, Cut two V' wi^Ie rings from the other 3 7/S" tube, 
^plit the rings and use tape to join them into one 
7 3/4" long strip. Wrap this strip arqund the body 
tube and apply glue to the portion of the strip that 
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overlaps Itself* but not to any portian that touches 
the body tube. Remove tl^ c-Oflipleted collar frorti the 
tube. It will be used to hold the wings ir placOi 

J. Cut four (jre inch diameter circles in the rear 
CISC as shown in Fig. 6. 

K. Cut off of the etgbt "D^' motors tremove material 
fro^n the end w/o the nozzle). The black powder grains 
should now he exposed. Glue these ends together to 
form four 5'" long motors- Apply glue to the paper tube 
only* not to the blacit powder area. Wrap tape around 
the motors until they are almost 1" In diameter. They 
should be a snug fit In the holes of the rear of the 
wing assembly. 

L. Place three or four layers of fireproof wadding 
TEstes) between the front bulkhead and each notor and 
glue motors in place. 

Section Two - Guidance 

The guidance system Is comprised of a receiver* 
two servo units and a battery. (The battery will 
also be wired into the detonator systetal .Specific 
details will depend upon the size and type of 
servos you buy. A general outline of the system 
is shown in Fig, 7. The two control rods are at- 
tached to the servos » extend through the bulkhead 
and are booked to two arms that extend from the 
dowel hinges qn the trim Most servos have 

about Ab degrees of travel* and will turn the trim 
tabs about c3 degrees in either direction. This is 
more than enough to steer the missile in flight. 

The control rods and arms can be purchased from 
radio control model coit^anies or can be fabricated 
from brass sheets nylon^ etc. Mount the above com- 
ponents so that the body tube will slip over them. 
Mounting tips are included with the servo/ receiver 
Set. The antenna far the receiver should be mounted 
on the front edge of one of the wings. 

Section Three - Payload and [)etonator 

A. Form a 4" tall cone out of the 1/16" copper 
^eet and solder it together. The cone should slip 
into the body tube without resistance* Leave a 1/d" 
diameter hole at the point of the cone, 
i- Cut 7V from the spare 3 7/3" diameter tube. Split 
this tube lengthwise and overlap the edges so that 
it will slip into the 16V' long body tube* Apply 
glue to the overlap area, hold together with njbber 
bands 1 and set aside to dry. After the glue has set* 
glue the copper cone from step A to this inner tube 
as shown in Fig, a. 
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Z. Cut a V' thick balsa disc to slip into the rear 
of the Inwr tube from Step A- f^l^e blasting cap 
or improvised electric initiator to this disc. 

0. Cut three or four V x V x 3"' balsa strips to 
Fe used to Join the front bulkhead of the wing 
section and the disc from Step The strips should 
be glued into notches cut in the two discs. Placement 
will again depend upon the arangement of the radio 
components. Cut the four feet of bell wire in half 
and attach to battery and blasting cap as shown. 



KOTE i Far ftnd tasting purposes f A Jlrttll 

iight bglb should be u^ed in place of tbe 
cap, one set of wires after testing. These 

wires are reconnected when it is time to arm the 
prior to use. 

1 

i 

i 



1. Use several shopping bags or a long piece of 
wrapping paper tq make a tube about 7" long with 
walls about thick. This tube should fit into the 
Inner tube and cone. Glue this tube in place. 

The purpose Of this thick willed tube Is to 
resist the force of tJ^a erplosive and direct it toward 
the copper cone at the front. The cone s^lts and a 
narrow jet of fJaoief ia then directed to the target. 
This focused Jet will burn through sevetel inches of 
steel flrjror. This tgpe of charge is known 4s a riiaperJ 
charge and the principle beljJjid it is cjJled "The 
*tOnroe Ef feet . " 



F. Feed the tw free ends of bell wfre through the hole 
in the copper cDne. Pack the tube/copper cone as- 
sembly with dbout two pounds of bfgh explosive or 
potassium chlorate/vasellne filler. {See Improvised 
Munitions Handbook section for Instructlors on maklrg 
this Improvised plastic explosive.} Glue the tube 
assembly to the disc an the front qf the wing assembly. 
The copper cone should now be recessed about h" from 
the front end of the 16^^“ body tube when the body tube 
Is in place* The missile Is now complete except for 
the nose cone assembly. The nose serves to streamMne 
the missile In flight and also creates the correct 
standoff*' distance from the target. 










Two basic types of launchers are shown. The 
first unit Is a disposable one shot affair which also 
serves as a shipping and carrying container^ Inside 
measurements are 13 inches x 13 inches x £4 Inches 
long. The two bade flaps are spread at a 90 * angle to 
stabilize the launch boxi. The front flap is folded 



The second launcher is i bit more complex and is 
intended for multiple launchings. It features a 
carrying handle for repositioning and transport and 
a screw type elevation adjustment. 

The launch switch » motorcycle battery and a spare 
parts box can all be attached to the back of the 
launcher, l/ith this unit a two inasn team can carry the 
launcher and a mifiifmjin of three missiles. One man 
handles the launcher with one mTssIle strapped In 
place and the second man carries one or more missiles 
in each hand. A wraparound carrying strap would be 
helpful in this Instance. 



G. hosecone 

Cut a 1" wide ring from the spare 3 7/fl" diameter 
tube. Slit it and overlap the edges to make a ring 
that will fit into the body tube. Use the remainder 
of the 3 7/8“ tube to make a cone that will fit into 
the ring. The cone should be about six inches tall 
with a one inch diiameter hole at the point i Use tape 
and glue to assemble the cone and ring into one piece 
See fig. 9. . 
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A, Cut pieces of electrical conduit to the dimensions 
shown, and weld or braze together. Bolts and nuts may 
also be used. 

Braze or weld a nut^ preferably a 2" long "tsll'" 
nutp to the Inside of the front Joint. Bend a piece 
of threaded rod or a long carriage bolt as shown. Slip 
a piece of conduit between the nuts for a handle. The 
bottom of the threaded rod should be ground to a 
paint to bite into hard surfaces. Braze or weld a 
large washer about 1" from the point to prevent the 
rod from sinking in soft or muddy ground. Two nuts may 
also be used to "Jam'^ the washer in pi ace + The op- 
tional blast shield can be made from any type of thin 
sheet metal. It Is screwed or spot welded to the rear 
of the launcher^ Screw the Estes "C" launch rail to 
the underside of the top arm of the launcher. A 
"bufvji^' strap or length of rubber tubing can be used 
to hold the missile in place for carrying, 

final assembly anb firing 



A. The bo4y tube remains removable tP allow the 
Fatbery to be Installed, R/C units to be serviced 
etc. Before installing or hooking up the battery^ 
tape the ends of the wires extending from the 
copper cone to insulate them* 

When all isystems are hooked up on the air 



Nosecone 



fl^. Cut an &■' long piece from each of the wires ex- 
tending through the copper cone* Attach one wire to 
each terminal of the doorbell switch, Gloe the switch 
into the front of the cone so the button is exposed. 
If the switch is too large to allow the button to be 
exposed » it Is necessary to glue a block of balsa to 
the button, 

R Make a small cone that can be slipped over the 
nose to protect the switch. Use tape to hold the cone 
in place. 



Launcher #2 Construction! 



down in front of the box to elavate the launcher 
for firing. The four corners of the box guide the 
missile as it leaves the launcher. Cardboard, wood, 
or light metal sheets can be used* 
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fram. slip the body tube In place. Slip the one 
half Inch wide collar over the rear of the body 
tube. Use a paperpunch to aiake four holes, one In 
each of the four body tube sections. Punch four cor- 
responding holes In the retaining collar. Use four 
wire shank paper fasteners to hold the collar In 
place. 

C. Carefully attach the nose cone wires to the two 
wires that were taped off In Step A, Tape the 
connections well to Insulate then Tron the copper 
cone. Install the nose cone and use glue or tape 
to hold It 1n place. 

^ Slide the nisslle onto the launcher. Adjust 
the launcher for elevation. 

E. Install the Ignitor bundle Into the four motors. 
Follow the Instructions provided with the notors. 
Connect the Ignitor bundle to the battery and 
firing circuits jutm placihg ths rmmo swxrca 

XN TUB WF POSITION, 

F. Turn on the R/C transmitter and test the 'func- 
tion of the trlmtabs, 

G. Stand behind the optional blast shield or to 
one side of the launcher, and fire the rocket 
motors by turning the switch to the uuiic« position. 
K. Visually steer the missile to the target. Gain 
sraie Initial altitude and then allow the missile 

to approach the target on a shallow glide path. 

MODEL ROCKET MATERIAL SUPPLIERS 

1. Centyrl Engineering Co. 

60 x 1988, Phoenix, AZ 85001. 

2. Competition Model Rockets 

Box 7022, Alexandria, VA 22307. 

3. Flight Systems Inc. 

9300 East 68th St, Raytown, HO 64133, 

4. Estes Industries Inc. 



Box 227, Penrose Op 81240. 

Estes also publishes technical reports on 
various aspects of rocketry. Titles and 
prices are listed In their catalog. 

RADIO CONTROL AND MODEL PLANE COMPONENTS 

1. Hobby Shack, 18480 Bandlller Circle, 

Fountain Valley, CA 92708. 

2. Orbit Electronics, 8140 Center St. 

La Mesa, CA 92041. 

3. America's Hobby Center, 146 West 22nd St., 

NV, NY 10011. 

4. Royal Electronics Corp., 3535 So. Irving 
St,, Englewood, CO 80110. 

BOOKS AND MAGAZINES 

1. "Basics of Radio Control Modeling" by 
Marks/W1nter. $4.S0-Ka1nibach Publishing 
Co., 1027 North Seventh St., Milwaukee 
Ml, 53233. 

2. "Handbook of Model Rocketry" by Stine. 
$6,95-from Follet Publishing Co., 

Chicago, Illinois. 

3. "Armies and Weapons" Magazine 

World wide distribution. Excellent pro- 
duct reviews and features on new military 
weapons Including laser guidance hardware. 

Many Illustrated ads from all of the world's 
larger weapons manufacturers. Subscription 
Information Is available from ; 

Sky Books International Inc., 48 East 50th 
Street, New York, NY 10022. 

4. '"The Art of Scdle Scratchbullding-A Guide 

to Professional Model Making" by Darlo/Chivers. 
$6.9S-Grenad1er Books, 7950 Seerlng Ave., 
Canoga Park, CA 913D4. 



CONSTRUCTION OF A 
HOhEHAOE BAZOOKA 
8y Dan Moors 






Ths subject of tmprovfsad weaf>onrv 
has b«en a topfc to which much thought 
has bsen devoted. Howsveri untfT re* 
cent Mmes^ in the light of Mssive 
antT-'gun legislatloneTt has been some- 
what crude and Inaffective* 



I 



I 



6aTt« 7 EnrEMOS 
BEtoNP emo OF TutE. 






Taking these facts into mind I de- 
cided to design, but Id and test a 
weapon that v^ould be easy to make and 
highly effective. Ater toying with 
the Idee end encountering a few fall- 
* friend of mine developed the 
w beiooke. He later built 
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a workfng model and It was an instant 
Really though, it couldn’t 
have been anything but a success^ as 
It was so very simple In construction. 

This first bazooka consisted of no- 
thing more than an aluminum tube six 
feet long and 3/^ to I inch In dia- 
meter, a motorcycle battery (power 
pack), a light switch (trigger), and 
the necessary wiring and electrical 
connections. These parts were all 
taped together for easy assembly and 
disassembly. The assembly goes as 
followsr The wiring goes from the 
rocket shell to the switch. From here 
the wiring then goes to the power 
pack (set on ground when firing) and 
then back to the rocket shell. To fire 
this bazooka the firer simply has to 
sight his target and pull the trigger. 
The Shell will then speed out of the 
tube at amazing velocities and then 
onward to the- target. 

The next refinement on the bazooka 
was developed by another friend. This 
improvement was one that would prove 
to be very important at a later time. 
This consisted of placing the battery 
pack in a canvas satchel. The motor- 
cycle battery was replaced with a 
6 volt lantern battery which was much 
less expensive, about $2.50^ Now a 
firer simply slings the satchel over 
hl.s shoulder and he has a completely 
portable weapon. 

The final Improvements on the ba- 
zooka came when I took the other de- 
signs and added some Ideas of my own. 

First, I redesigned the battery 
pack which was rather bulky and expen- 
sive. To improve It, I took four alka- 
line pen light cells and wired them tn 
series, thus producing the heeded six 
volt current. To make this battery 
pack I found a length of tubing 
slightly larger in diameter than the 
batteries. Next I cut the tubing 
slightly shorter than the lengthwise 
measurement of the batteries, (see 
diagram) Finally I took two plastic 
caps, placed the lead wires In them 
and filled the caps with' a layer of 
solder. These caps were then placed 
firmly on. the battery tube completing 
the unit. The next Improvement was 
the placement of handles on the ba- 
zooka tube. These handles proved In- 
valuable as they aided not only in 
holding the bazooka, but they also 
helped to Improve the flrer's accur- 
acy. When placing the handles on the 
bazooka tub^ I divided the tube into 
two foot measurements and taped the 
handles In place, (see diagram). When 
taping any of the parts, black elect- 
rical tape or friction tape should be 
used. 

hy final improvements on the bazooka 
were the adaption of a flash guard, 
a loading breech and an open sight. 

The flash guard was nothing more than 
a set of slots cut Into the forward 
end of the aluminum tube. These are 
used to prevent the rocket flash from 
being seen, thus improving concealment. 
The loading breech was nothing more 
than the opposite end of the bazooka 



tube with the top end removed for a 
distance of six Inches. This Is used 
to hold the trailing fins of the rock- 
et shall steady during firing. This 
causes the shell to travel much 
stralghtcr out of the tube. Finally, 
the open sight was constructed In this 
way: a thin piece of sheet metal 1/V* 
wide is bent around the end of the 
bazooka tube. Then the additional 
metal pointing outward from the tube 
is bolted solid and this Is used es 
a sight. (For the listed improvements 
see diagram) . 

Now that the improvements were made, 

I had to put the bazooka together. Thp 
final assembly goes as follows: First 
the bazooka tube is outfitted with a 
flash guard, loading breech and open 
sight. Secondly the trigger switch is 
wired and taped in place along with 
the battery pack. Next the handles are 
firmly taped In place and then covered 
with friction tape to insure a good 
grip. Lastly the wire leads at the 
end of the bazooka tube are fitted 
with alligator clips. The bazooka Is 
then ready for firing, (see diagram) 

Once you have coo^leted these assem- 
blies, your bazooka or "Super Bazooka" 
as I call it, will be finished. This 
weapon is very powerful as it is very 
similar to a gun In range and velocity 

it will taka several dozen firings 
before you become familiar with the 
bazooka and are able to fire It quick- 
ly and accurately. It took me several 
weeks of firings before I could use 
it with any proficiency* Among some 
of the targets 1 have hit accurately 
are tree trunks (within a six Inch 
radius), two foot diameter targets 
(within a one foot radius), and most 
recently fence posts (within a six 
inch diameter). As far as ranges are 
concerned, my bazooka has a range of 
somewhere between 100 yards (used In 
target shooting) and 1,000 feet 
(maximum arc of fire). 

Of course if you plan to fire your 
bazooka you will need to know how to 
make up rocket shells for it. These 
shells are easy to make and generally 
I mexpens i ve , although my designs are 
not the only ones you can use. To make 
these shells you will need a few 
essential items. They are; an Estes 
"T" rocket motor, ^ - 1/4"X1/16“X9" 
balsa fins, a nose cone and an Estes 
solar igniter. In order to construct 
the rocket you do as follows. 

First, you glue the fins onto the 
rocket motor so thet they ere evenly 
spaced. Next, glue the nose cone onto 
the front end of the motor. Lastly, 
put the Igniter Into the nozzle of the 
rocket motor as stated in the Igniter 
Instructions. Now the fins and nose 
cone are sanded smooth and the bazooka 
shell Is ready, (see diagram) Those 
shells can then be "stored for later 
use or fired immediately. 

You can also use other types and 
sizes of rocket motors like the larger 
Estes rocket motors Astron or 'O’ , by 
increasing the diameter of your bazoo- 
ka tube. You can even use a homemade 



or modified rocket. These arc not rec^ 
commended though, as they can be very 
dangerous. An example of a motor modi- 
fication is taking the Estes rocket 
engine and boring carefully through 
the propellant. Upon firing, all of 
the propellant burns at one time pro- 
ducing an unbel leveable amount of 
thrust. 

Other methods of altering your rock- 
et shel Is are equlping them w1 th war- 
heads or similar explosive devices. 

The simplest way to accomplish this 
is to fin the front end of the rocket 
motor with black powder, matchheads, 
broken glass or anything your heart 
desires. You then glue or epoxy (rec- 
coiranended) the nose cone out of some 
material other than balsa. I have 
found that plastic, metal, and auto 
body filler work best. These types 
of nose cones work best against walls, 
targets and even people, as the pene- 
tration with them Is very good. I have 
used this same kind of nose cone to 
pierce 1/2 " plaster board and It is 
extremely hard. The last modification 
to the design of the completed rocket, 
is employment of an impact Ignition 
system to detonate the rocket's war- 
head. These shells will penetrate 
window glass, windsheilds, walls and 
even people at considerable distance. 

You can start fires (tnatchhead war- 
heads) and detonate explosives with 
it. The main advantage to causing this 
kind of mayhem with the bazooka are 
that the firer can remain concealed 
(many firing places are within 1000 
ft. radius) and the Firer can easMy 
carry and use the bazooka. 

In closing, 1 would like to add 
these last few points. You should 
treat your bazooka with respect as it 
is capable of devastating damage. Host 
likely It Is illegal everywhere In 
the U.S. 



BOY MECHANIC VOL, 1 
A Gis Cannoii 

If you have a small cannon with a 
bore of 1 or in., bore out the fuse 
hole large enough to tap and fit in a 
small sized spark plug such as used on 
a gasoline engine. Fill the cannon with 
gas from a gas jet and then push a 




cork in the bore close up to the spark 
plug. Connect one of the wires from a 
battery to a spark coil and then to the 
spark plug. Attach the other wire- to 
the cannon near the spark plug. Turn 
the switch to make a spark and a loud 
I report will follow. 
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Briefcase Weapons System 

BjCIrifoBiinww 




C haute ARMS, AR-7. Bill* 

Automatic: 22 Lft: eight round datachat>l« box 

magazine: adjuStatiJa ramp Tront, adjgaiable poeo rear 
sights: barrel and acliar> dismantle without tools and stow 
tn Block; ovarall lengthn 34^ bnchBB. Weight 2Vt ftn. 

$75.00 




Beifo Pistol Grip Folding Stock 

The AR-7 RlfU Is handy to carry 
around when the parts are stored In- 
side of the 16 1/2" plastic stock, but 
it's rather Inconvenient to reassemble 
the rifle every tinte you want to shoot 
When assembled, the rifle is 3^ 1/2'^ 
long. This lengtt^ combi ned with the 
fat bulky stock, make the AR-7 unman- 
uvcrable In tight spaces such as cars, 
boats, narrow hallways etc- The weapon 
Is also uncomfortable to shoot one 
handed - 

Any rifle may be shortened to the 
minimum legal length of 26", It's best 
to be on the safe side and maintain e 
total length of 26 l/Z". 16" of this 

length must be barrel. The AR-7 barrel 
has already been made to the minimum 
length, so you cannot legally shorten 
it, 

A custom folding stock will reduce 
the length of the standard weapon by 
G*', When extended, the stock is the 
original length, 

Several types of folding stocks will 
be featured In future Issues but this 
stock IS probably the simplest and 
easiest to construct. 

Materials List 
1 pc, 5/G" plywood 4"x6" 

1 pc, 5/S" balsa-same dimensions (opt) 

2 pcs, l"xl2"xl/6" brass strip 

1 pc, 12 "x 13/?2" inside diameter (ID)- 

7/16" OD brass tubing 

2 pcs, 1 Z"x 3/8" 10 - 13/32" OD brass 

tubing 

8 pcs, 7/8'^Jtl/8" machine screws w/nuts 
I pc, 3/8" 00 brass rod length 18" 

1 pc, 1 1/Vx7/16" coarse thread screw 

(same thread as takedown screw 
In standard stock) 

2 pcs, I t/2"x4x1/4" wood or plastic 

material for grips 
Tools heeded 

Hacksaw - fine tooth blade 
File 

Drill w 1/8" and 7/16" drill bits 

Propane torch 

Silver solder and flux 



STEP I 

Cut grip frame out of 5/8" plywood, 
using pattern #1, It Is a good idea to 
first make this piece out of balsa- 
mod. This allows you to make changes 
In grip shape or angle. When the entire 
stock is completed and you are comfort- 
able with the final shape, it Is dup- 
licated in plywood. Drill four 1/6" 
holes and 7/16" takedown screw hole as 
shown. Taper the rear of the hole to 
accomodate the head of the screw. Drill 
hole for stock latch, 

STEP 2 

Drill seven holes In brass side 
plates as shown In pattern #Z, Clamp 
the two pieces together In a vise when 
drilling holes. This will insure that 
the holes will be properly aligned. 



STEP 3 

Cut two 4" pieces of 13/32" ID tubing 
and sliver solder In piece as shown In 
pattern 12, Be sure to ream out the 
ends of the tubing to ensure smooth 
operation of the sliding stock, 

STEP 4 

Use the hacksaw end file to round off 
corners of the side plates and cut off 
excess material . 

STEP 5 

Cut front and rear spacer blocks out 
of 5/8" plywood, using patterns #3 and 
#4, Drill 1/8" holes where Indicated, 
STEP 6 

Assemble grip frame, side pletes and 
two spacer blocks with six 1/8" machine 
screws. If you are right handed, the 
nuts should be on the right side to re- 
duce snagging on clothing. Reverse for 
left handers, 

STEP 7 

Insert takedown screw Into grip frame 
and Install stock assembly onto receiver 
STEP 8 

Cut two pieces 3/4" long of the 3/8" 

DD brass rod and solder Into one end 
of each 3/8" ID brass tube- File notch 



as shown in pattern 15, 

STEP 3 

Bend 3/8" brass tod as shown In 
pattern f5- Solder two 3/8" 10 tubes 
In plece- 
STEP 10 

Build stock latch as shown in pattern 
16, 

STEP H 

After final sanding, the stock is 
wiped down with alcohol and painted 
with black enamel primer, AH small 
holes should first bo filled In with 
plastic wood putty or body putty. Do 
not paint the stock tubes or the stock 
will not be able to sl^de freely- It 
can be blackened with touch-up blue or 
with one of the formulas on page 11, 
Issue fl. The stock tubes should have 
a light coat of oil to Insure smooth 
operation, 

STEP 12 

Cut out two grips, using pattern f7. 
Shape to suit and insjtall on grip 
frame. The area under the grips can be 
cut out and used to store spare parts. 
Use dotted lines on pattern ^7 as a 
guide. 
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AR 7 RIFLE WITH CUSTOM STOCK, SUPPRESSOR AMD SCOPE 
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AR 7 SILENCED BARREL 



Note: The components pictured in PHA 
page 14 are for a general purpose 
design. That design is altered hereto 
allow the option of maximum conceal- 
ment at short ranges {short barrel), 
or maximum accuracy for long range 
use {long barrel). The long barrel 
version will be covered on page 33. 

SHORT BARRELED VERSION 
Materials Heeded : 

1 - extra AR 7 Barrel w/Barrel Nut, 

See your rifle's parts list for 
ordering instructions from the 
factory-about $U.OO 
1 - 3/4'^ Shaft Collar - 3/4"ID-li|"0D 
This is a y thick collar with a 
V NC or NF thread set screw. The 
collar is used to retain pulleys 
and gears on a 3/4" diameter ar- 
bor shaft. Available from hard- 
ware stores and tool suppliers. 
About 50^. 

1 - pc. Hetal Screen - 4i£"x24". 

Found at hardware and plumbing 
stores. Material from an old 
screen door may also be used. 
Plastic screen is unacceptable. 

2 - pcs. Brass Drain Pipe - either 

plain brass or chromed. Actual 
size is 1-3/8'* 00 - 1-5/16" 10. 
Drain pipe is usually sold in 0” 
and 12" sections. Found at hard- 
ware, plumbing and building 
stores, 2 - 8" sections are 
enough. Cost is about $2.00 each. 
Cut tubing to the following 
lengths: 

1 pc. 8 in, 

1 pc. 4 in. 

1 pc. 1 in, 

1 pc. 3/4 in. 

3 pcs. 1/2 in. 



17- 1^" OD Washers. If possible, buy 
thin washers with a 3/16" dia- 
meter hole. These are known as 
fender washers and are available 
from hardware and auto supply 
stores . 

Drill al 1 the washers out to an 
ID of 3/8'^ and sand all galvan- 
izing off of them (be sure to de- 
grease with alcohol before sold- 
ering) . 

1 - Knurled Knob, Thumbscrew, or 
Bolt with at least 1/2" of 
threads. This should thread into 
the shaft collar, which is either 
NC or V NF thread. 

6 - Screws/ 4 Nuts and assorted baf- 
fle material-described in article 

Tools Heeded: 

- Hacksaw w/fine tooth blade. 

- Drill motor or hand drill with the 
following drill bits; 

1/16", 1/8", 3/8", 15/64'^ or 1/4" 



(15/64" is preferred) 

- Center punch 

- Tubing cutter - not necessary but 
handier than the hacksaw for cut- 
ting drain pipe. The hacksaw is 

still needed for other cutting. 

- Propane torch and silver solder or 
add core general purpose solder. 

- Large pair of vise grips or pliers. 

- Various flat and round files, de- 
pending upon what Is available to 
you. A machinist's scraper or a 
sharp knife is also helpful for re- 
moving burrs from inside the tubing. 

- Bench vise - a clamp on vise for 
the kitchen table Is fine. 



Procedure: 

STEP A 

Measure 2H" from rear of barrel 
and mark with a file. 

STEP B 

The barrel is composed of a steel 
liner 3/8" OD and an aluminum outer 
sleeve that is 3/4" 00 at the mark. 
You want to cut through the outer 
barrel only , so draw a line on the 
hacksaw blade 3/16" above the teeth. 
Cut the barrel at the file mark, ro- 
tating it as you go, until the en- 
tire cut is 3/16" deep* If you saw 
slowly, you can feel when you reach 
the steel 1 iner. 

STEP C 

The liner is epoxied into the outer 
barrel, so you remove it by heating 
the outer barrel with the torch, ex- 
panding it and breaking the epoxy 
bond. (Epoxy breaks down at about 
300“) Clamp the rear of the barrel in 
the vise, and use the vise grips or 
large pliers to slowly twist and pull 
the outer barrel section off the li- 
ner. If it won't turn when heated, 
go back to the cut, remark the hack- 
saw blade and find the spot that is 
not completely cut through. Go easy 
when removing the outer barrel, it^s 
easy to bend the inner liner. 

Note: If you want to be able to 
disguise the barrel with the silen- 
cer removed, save the outer barrel. 

A small set screw can be Installed 
in the bottom of the rear, with a 
corresponding hole in the barrel li- 
ner. The outer barrel can then be 
slipped over the barrel and screwed 
in place. 

STEP D 

With the outer barrel removed, 
mark a point 5" from the rear of the 
barrel and cut off the excess 11" of 
liner. Cut a piece 3V' long from the 
discarded 11" piece. This is the 
support for the baffles. 

STEP E 

Draw 2 lines along the exposed li- 



ner of the barrel-one along the side, 
and one along the top of the barrel. 
{Measure from the rear of the barrel.) 
Mark and center punch the following 
points along each line; 4",4^",4V\ 
and 4-3/4". With a 1/3" drill bit, 
drill at the punch marks, going all 
the way through the barrel. You 
should now have four rows of 1/8" 
holes, V apart. 

STEP F 

Wrap a piece of tape around the 
15/64" drill bit. 1-1/8" from the 
front. Carefully drill out the barrel 
to the depth of the tape mark, D^e 
plenty of oil and don't let the hole 
become out of round. This drilling 
won't enlarge the barrel, it just re- 
moves the lands which cause the bul- 
let to spin. It also removes the 
burrs caused by drilling the 1/8" 
holes. The undrilled portion of the 
barrel will still impart the needed 
spin, when the bullet reaches the 
drilled portion, it is better to have 
the surface smooth to minimize bullet 
distortion as it passes the drilled 
holes. If a 15/64" drill is not a- 
vailable, a may be used. 

STEP G 

Remove the piece of tape from the 
lS/64" or V drill bit, and complete- 
ly drill out the 3H" long piece of 
barrel liner from step 0, 

STEP H 

The shaft collar is now installed 
on the barrel. The outer barrel is 
tapered; it measures about 3/4" ODat 
the hacksaw cut and 1s about 1/16" 
larger, back (2" from the rear of 
barrel). Carefully file this wide 
area until the shaft collar will 
snugly slip over the outer barrel and 
rest flush with it. The collar itself 

may be filed to fit if the original 
outer barrel is going to be used to 
cover the liner when the silencer is 
not in place. 

STEP I 

With the collar in place, turn it 
until the screw hole points downwhen 
the barrel is on the gun. Remove the 
screw and use a center punch to mark 
the location of the hole on the bar- 
rel . 

STEP J 

Remove the collar and drill a V 
diameter hole at the mark. The hole 
should be about 1/8" deep. Take the 
knob, thumbscrew or bolt you bought, 
and install it in the shaft collar. 
Slide the collar onto the barrel and 
tighten the knob until it seats into 
the hole in the barrel. The hole may 
need to be slightly enlarged or the 
end of the screw may have to be ta- 

CONTINUED ON NEXT PAGE 
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pered with a file to obtain the 
correct fit. The collar should nowbe 
a tight fit on the end of the outer 
barrel; straight, with no wobble. 

STEP K 

Cut a piece of the drain pipe 8” 
long. Use a scraper or sharp knife to 
remove any inside burrs and a file 
or sandpaper to smooth up the outer 
edge. Drill a V hole 1'^ from oneenl 
Cut a second piece of pipe h" wide, 
and drill a hole in the center of 
the side. Split one edge and file or 
cut out enough material to allow the 
H" piece to fit snugly into the 8" 
piece. Remove all burrs and sharp 
edges and install the V shim and S" 
rear tube over the collar. Line up 
the V holes and install the screw. 
The rear of the tube is now centered 
on the barrel , 

STEP L 

The front barrel mount is made by 
drilling a washer to an ID of 
3/8", then drill 8 - 1/8" holes a- 
round its edge. A V section of 
pipe is split and trimmed as 1n step 
K, and is soldered together, one half 
at a time, with the remaining half 
slipped into the 8” tube. This com- 
pleted tube, when filed srnooth, 
should slide snugly into the S*'tube, 
without wobbling. Don't make it so 
tight that you can't slide it in and 
out. A 1^" washer is now installed 
flush with the end of the 4" tube 
and is . soldered in place. Remove 
the 4" tube and washer assembly from 
the 8" tube. 

STEP H 

The 4H"x24" piece of screen is now 
folded in half to form a ZV'x24" 
strip. Roll the screen tightly a- 
round a pencil and carefully slip it 
into the front of the 8" tube and 
over the barrel. It should rest a- 
gainst the shaft collar and about k'* 
of barrel should protrude from the 
forward end. The 4" tube, with the 
drilled washer to the rear, is now 
slipped into the 8" section and is 
compressed against the screen until 
the front is recessed V into the 
8" tube. The 3" tube should now be 
perfectly centered on the barrel with 
no wobble. 

STEP N 

A 1" piece and a *3" piece of brass 
pipe are used to make the endcap as* 
sembly. Split the 1" piece and trim 
as before until it will slip into 
the *3" piece, flush with one end. 
Solder in place. A washer is 
slipped into this end and is sol- 
dered in place. The endcap should 
now slide into the front end of the 
8" tube and come to rest against both 
it, and the front of the 4" tube. 
Tape the endcap in place for step 0. 
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STEP 0 

Mark a center line on the top rear 
of the S" tube. Measure 5/8" down 
each side from the center line and 
mark the tube. Measure 1" from the 
rear of the tube and mark again, in- 
tersecting the first 2 lines. These 
two points are the location for the 
tube support screws. They can be 
drilled and tapped for machine screws 
or simply drilled for self tapping 
screws or pop rivets, 6e sure that 
whatever fasteners used do not ex- 
tend through the col lar into the bar- 
rel itself. This allows the collar/ 
tube assembly to be removed from the 
barrel by loosening the bottom screw 
only, 

STEP P 

The spiral baffle and front barrel 
assembly is made as follows. It will 
be contained inside the 4" tube. 

Stack 12 washers, with the edges 
aligned, and clamp together in the 
vise with the top of the center hole 
exposed. Cut with hacksaw through the 
stack of washers from the outside 
edge to the center hole. The cut 
should be at a right angle to the 
washers. Remove the stack of washers 
from the vise, and replace them, this 
time with one side of the cut in the 
vise and one side exposed. Use a ham- 
mer or the vise grips to bend the 
stack until the outside cut of the 
first washer lines up with the Inside 
cut of the third washer. Remove the 
stack from the vise and slide itonto 
the 3V front barrel liner section. 
Solder a solid washer flush with one 
end (front), and a washer with 8 -- 
1/8" holes, V' from the other end, 
(rear). Build up the rear of the bar- 
rel/washer area with solder as shown 
in the diagram. This increases gas 
flow to the 8 - 1/8" holes. 

STEP Q 

The 12 split washers are now spaced 
evenly between the front and rear un- 
split washers and soldered in place. 
The edges should line up to form a 
spiral , 

STEP R 

Drill a row of 1/16" holes in the 
front barrel liner tube, between 
each of the spirals. 

STEP S 

Pass the 15/64" (or V) drill 
through the front barrel /spiral sec- 
tion to remove the burrs from dril- 
ling the 1/16" holes. Taper the hole 
in the rear with the 3/8" drill. 

STEP T 

The 3/4" long piece of drain pipe 
is used to make a spacer for the area 
between the rear of the 4" tube and 
the spiral assembly. Split the edge 
of the 3/4" tube and overlap the 
edges, reducing the size until itwill 
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fit into the 4" tube. Slide it into 
the tube until it rests against the 
barrel support. The spiral assembly 
is now installed into the 4" tube.lt 
should fit flush with the front of 
the tube. 

STEP U 

The remaining piece of brass tub- 
ing, H" wide, and the remaining W 
washer, are used to hold the nuts for 
the mount screws that secure the endr 
cap to the 8" tube. Split the V 
brass tube and trim until it will fit 
into the endcap. Solder the seam and 
solder the tube to the washer. Prior 
to inserting the mount assembly into 
the endcap, insert a V spacer of 
rolled cardboard or paper. The 
spacer will hold the mount assembly 
in position while drilling the mount- 
ing holes. The mount assembly is now 
inserted into the endcap, washer to 
the front. The rear should be flush 
with the rear of the endcap. 

STEP V 

Insert the endcap into the 8" si- 
lencer tube. Mark the 8" tube at 4 
points; top, bottom, and the center 
of both sides. Each point should be 
k" to the rear of the front edge of 
the tube. Drill one of the holes and 
insert a screw. This will prevent the 
mount assembly from moving when the 
other 3 holes are drilled. Drill the 
3 remaining holes as marked. Remove 
the screw, take the endcap off, and 
remove the mount assembly. The 
roll of cardboard in the endcap can 
now be discarded. Four nuts are now 
soldered or epoxied in place under 
each of the holes in the mount as* 
sembly. The bottom nut may be used to 
mount a sling swivel if desired. Re- 
install the mount assembly and endcap 
in the front of the silencer and 
check that the 4 screws will all fit, 
Endcap Packing Procedure: 

Various materials can be used as 
flexible baffles to fill 'the endcap. 
These baffles are intended to allow 
the bullet to pass, but to partially 
seal off the end of the silencer and 
help to slow the release of gas. 
Flexible plastic, nylon, and red or 
black rubber may all be used. 

The front half of the endcap will 
take a baffle with a 1^" OD, while 
the rear h" of baffles must be 
notched to clear the nuts from the 
mount assembly. If soft rubber is 
used, a small *X' cut in the center 
is sufficient to allow the bullet to 
pass. If harder plastic or nylon is 
used, a tapered hole h" at the rear 
and about 1/8" at the front must be 
made. Don't try to make a hole in a 
baffle by firing a bullet through it, 
you will probably destroy the endcap, 
A 1/8" stack of wire screen discs 
can also be used as part of the end- 
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Briefcase Weapons System 



cap packing material. The stack of 
screen discs should have holes in 
the centers. Regardless of the baffle 
material used» they will wear out 
after several hundred rounds and will 
have to be replaced. After the end- 
cap is packed with baffles, it is 
reinstalled on the 8" tube. The unit 
is now completed. If a front sight 
is needed, a sight blade can be sol- 
dered in the notch of the top mount 
screw, or a conventional sight ramp 
can be mounted on the S'* tube. 

The completed unit can be painted 
with conventional spray paint or HG 
Coat (see article elsewhere in this 
issue). If the unit will be used ex- 
tensively, it will get quite hot. A 
handguard to protect your hands can 
be made by wrapping the silencer in 
several layers of asbestos gasket 
materia!. The asbestos is covered 
with a layer of black plastic elec^ 
tricians tape. 

After extensive use, the silencer 
should be disassembled and cleaned. 
The screen should be scrubbed clean 
or replaced, as well as the baffles 
in the endcap. Be sure to inspect 
the spiral baffle assembly for any 
breaks in the soldered washer spiral, 
and resolder them. 

AR 7 SCOPE MOUNT 

TYPE A - FIXED MOUNT 
BY CLYDE BARROW 

NOTE: THIS MOUNT WILL NOT fit 

INTO THE CONVENTIONAL AR 7 
PLASTIC STOCK, IF YOU INTEND 
TO USE THIS STOCK^A REMOVABLE 
MOUNT IS NEEDED, 



Tools and Materials Needed; 

1 - Weaver Scope Mount Base #T9 in- 
tended for use on Ruger 10/22 
rifle. Price about $2.50 



The AR-7 survival rifle is a light, 
compact, 7 shot, 22 caliber semi 
automatic rifle that Is popular with 
hikers, campers, and pilots. First 
produced in the early 1j960$ by the 
ArmaMte Corp.. the AR-7 was 
originally designed as a survival 
weapon for downed Air Force crews. A 
silenced version was also built by the 
government during the Viet Nam War. 

The rifle Is currently manufactured 
by Charter Arms Corp. and retails for 
S75. FFL holders can buy the rifle 
wholesale for about $54. 

There are four major parts to the 
rifle: the barrel, stock, receiver, and 
the magazine. When disassembled, all 
parts are contained in the floating, 
waterproof stock. 

The AR-7 rifle can be used as the 
basis of a complete mini weapons 
system designed to be carried in a 
small attache* case. 

The original stock and 7 shot 
magazine are not used with this 
systerp. but should be retained for 
possible future use. 



In addition to the basic receiver and 
barrel assembly, the following parts 
are needed to build the new system. 

1. SeveraM 5 round magazines 

2. One extra barrel assembly 

3. 22 Caliber rifle scope with scope 
rings and base 

4. Custom scope mount 

5. Pistol grip with collapsible, 
tubular stock 

6. Silencer mount tube 

7. Silencer 

8. Cleaning and tool kit with spare 
parts 

9. Small attache* case or instru- 
ment case 

The system allows a variety of 
weapons to be assembled. 

1. Full length rifle with scope 

2. Rifle with short barrel and 
silencer 

3. Pistol 

4. Pistol with silencer 

5. Submachine gun with silencer 

The whole works can be built for 

about S100. 




1 - 7/64” drill - 80# 

1 - 6x32 National Coarse (NC) tap. 
90# (and a tap handle If you doiYt 
have one.) 

- Oil for drilling and tapping, 

* Drill motor or hand drill, 

5 - 6x32 KC machine screws * 5 " long, 
about 10# each (flat head) 

- Rubbing alcohol to degrease 
before gluing. 

- Epoxy glue, 

1 - Pc, Coarse sandpaper 36-80 grit, 

1 - Pc, Wet or Dry sandpaper 220- 
320 grit, 

1 - Small piece of modeling clay. 

- Hacksaw, Padded Vise, Center 
Punch , 

Procedure: 
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A. Using the hacksaw and padded vise;, 
cut the Scope nwunt as shown in Fic^ 
Sand all rough edges smooth* 

MOTE: scratch a snail * F ' for 

front in tha slot at the front of 
the mount. 

Use coarse sandpaper to roughen 
the bottom (curved) surface of the 
mount. Hash the mount in alcohol and 
dry with a clean towel. 



C. Place the mount on a flat, smooth 
surface- Fill all screw holes with 
clay* Clay Is also used to make a 
small "dam” at each end of the mount. 



D, Mix enough epoxy to fill up the 
area created by the curve and dams 
at each end* The epoxy should be 
slightly "piled up” on the mount*See 
Fig* #2* ALLOW TO DRY OVERNIGHT 
Even If it says 5 or 10 min. epoxy* 



E. Glue a piece of 220™ 320 grit wet 
or dry sandpaper to a large piece of 
glass. Sand off the excess epoxy 
from the scope mount base by sliding 
it across the sandpaper. Check the 
progress often to be sure you aren’t 
applying all the pressure to the ends, 
This will create a rocking chair ef- 
fect, Instead of the absolute flat 
bottom desired* Stop sanding when a 
bare aluminum line appears on both 
sides. Check the mount for flatness 
on an open area of the glass. See 
Fig. #3* Spot sand any high areas 
that are found. 



F. (>lacG the mount, epoxy down, on a 
Sard flat wood surface and drill 
through the mount holes and epoxy 
underneath. Enlarge the holes in the 
epoxy with a sharp pointed knife, The 
screws should slip through the holes 
in the mount without resistance. 



G- Disassemble the receiver as per 
Bie gun's enclosed Instruction sheet 
Remove all internal parts except for 
the safety lever assembly which is 
left in place. Clamp the receiver in 
the padded vise. See Fig* #4* There 
are 10 true ribs on the top of the 
receiver (12 if you count the shorty 
on each side). Find the center groove 
of this area and use a scriber or 
knife point to scratch a line the 
length of the groove. It should be 
bright silver and constrast well with 
the black background. Use a center 
punch to mark this groove at the fol- 
lowing points, as measured from the 
front edge of the groove. See Fig* 5 
3/4", 1-1/r, 1-5/8”, 2-1/8", 3-13/16” 



51, Drill at each punch mark with the 



7/64" drill* Go slow and keep the 
drill as vertical as possible* 



U Thread each hole with the 6x32 
tap* Go slow, use oil as a lubricant 
and again try to keep the tap In a 
verticle position* When finished, use 
a knife point to scrape away all 
burrs and rough edges from both the 
inside and outside of the tapped 
holes. Take care not to damage the 
threads* Wash the receiver in hot 
soap and water to remove all traces 
of drilling debris, oil, etc* 

J* Squirt a drop of oil in each 
threaded hole. Place the mount on 
the receiver and start the five 
screws by hand* If one or more won't 
start, elongate the hole In the 
mount until the screw will thread 
into the receiver below* 



K* Run all five screws down snug and 
check that the mount is in complete 
contact with the receiver without 
any gaps* An easy way to do this 
test is to hold the unit up to a 
window and look at the side of the 
mount-receiver joint* If no light is 
seen, fine* If large gaps appear,one 
or more of the screws is probably 
rubbing against the side of the hole 
in the mount, which distorts it and 
prevents a flush fit. Elongate any 
problem holes as in When a flat 
fit is obtained, all 5 screws should 
be tightened - BEWARE - you are 
plenty tough to strip all 5 holes of 
their threads, so use moderation 
when tightening. 



L, About 1/16" of each screw will be 
protruding into the top area of the 
receiver's interior. Remove each 
screw individually and file or grind 
off material until the screw is 
slightly recessed into the top of 
the receiver when tightened in place 
After grinding, be sure to cleanup 
any ragged threads on the screw ends^ 
These will easily strip out the soft 
aluminum threads* With all 5 screws 
tightened in place, run your finger 
along the top Inside of the receiver* 
You should feel nothing but 5 shallow 
holes. See Fig* 6* 



M* Mount scope, and set both adjust- 
ment knobs to a central setting* 
Sight the rifle in at 2$ feet, using 
a large white sheet of paper. When 
the scope Is sighted In, you should 
still have plenty of adjustment left 
1n all 4 directions, 1,e, up, down, 
left, right - to later compensate for 
any slight alignment differences. If 
one or both controls is turned to its 
extreme before the scope Is centere<l 
the mount will have to be adjusted* 



If the gun shoots top far to the left 
the scope base must be moved left. 
Ditto for right* To move the base, 
the holes in the mount must be al- 
tered as follows: 

Enlarge the holes with a knife or 
round file. The tapered screw head 
will fill the larger hole* If the 
mount is to be moved to the right, 
make the oversized holes slightly to 
the left of center, do the opposite 
for right to left. Continue this 
process until the scope is sighted 
to center, with both scope controls 
in a near neutral position* Up and 
down is easier; a shim or series of 
shims Is slipped under the front of 
the mount to correct high shooting, 
and under the rear for low shooting. 
See Fig* 7* Shims of hard plastic or 
metal may be used* If the shinwing 
is very extreme, the screws will be 
too short, and it will be necessary 
to replace them with a longer unit, 

N* Alignment IS rarely this far off, 
Fut if you wish, an alternate method 
may be used* Drill and tap the front 
and rear holes only* Clean and, re- 
assemble the gun* Clamp the rifle 1n 
place with a portable vice or heavy 
sand bags* Adjust both up/down and 
left/right scope controls to a cen- 
tral position and install scope and 
mount on rifle. If the scope is 
aimed at a point fairly close to the 
point of bullet Impact, minor adjust- 
ment Is all that Is necessary* Drill 
and tap the remaining 3 holes. If 
the bullet and scope are grossly mis^ 
aligned right to left, the front, 
rear, or both holes will have to be 
enlarged slightly off center as in 
step K above* Vertical misalignment 
is again handled with shims * When 
the unit is finally aligned, drill 
and tap for the remaining 3 screws* 
Remember, when enlarging the holes 
for adjustment* to remove the excess 
screw length that may now protrude 
into the inside of the receiver* 
NOTE: If you can*t firs ths riflst 
do step \ by removihy the bolt and 
rear sight screw* The scope is 
aligned with the point Chet is seen 
when lookitig through the rear of the 
receiver end sighting down the bar- 
rel* This is a crude form of 
SIGETISG* 

^* When you are satisfied with the 
mount^s alignment, roughen the re- 
ceiver and mount contact areas with 
coarse sandpaper* Clean all parts, 
especially the screws and the 
threaded holes with alcohol* Epoxy 
the mount to the gun, as well as each 
screw into It's appropriate hole*Ae- 
place any shims that had been in 
place before cleaning. Let it dry 
AT LEAST 24 HOURS before firing* If 
in the future you need to remove the 
mount, the epoxy bond Is broken with 
heat; Take off the scope and disas- 
semble the receiver. Heat the mount 
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and receiver to about 300* or until 
the epoxy melts- 



TYPE B ” REMOVABLE MOUNT 
BV CLYDE BARROW 



Three years ago, I began to design modifi- 
cations for the AR - 7 rifle- I asked several 
gunsmiths about a provision for mounting a 
scope, either by screwing on a base or cutting 
a dovetail directly into the receiver . "Can * t 
be done , too sof t , insufficient wall thickness , 
threads will strip out, etc-etc*" After some 
experimenting it was discovered that by using 
coarse threaded screws, they resisted strip- 
ping of the threads. This led to the design 
presented in issue #3- As stated, this unit is 
unacceptable if the storage feature of the ori- 
ginal stock is to be retained- A number of so- 
so clamp-on removable mounts were then produced 
and were to be the basis of this article- For 
the hell of it, 1 also revived the integral 
dovetail idea, and cut one in an old AR 7, if 
nothing else, I wanted to see where it would 
crack. It didn't crack- It works perfectly- The 
horizontal top surface of the feceiver is even 
close enough to bore alignment to allow the 
slight error to be corrected with the internal 
scope adjustments- 

It’s so simple a *how-to* article isn‘t 
even necessary. 

Just clamp the receiver in a padded vise 
and file a along both sides of the ribbed 
top of the receiver, A small amount of the 



VELEX EXPLODING AMMO 



velEX 



vertical rib behind the chamber on the right 
side must also be filed away, but no loss of 
strength was noted. Continue to file until 
standard claw mount -22 scope rings can be in- 
stalled- Before reassembling the gun, bore 
sight it as described in issue #3, and adjust 
as needed. 

The scope is easily removed for storing 
the rifle in the stock and the original sights 
remain intact- This is especially nice in a 
survival rifle. When the scope breaks or mal- 
functions, a back-up sighting system is 
invaluable - 



A Home>ICide Hud VIm 

A vety ttsefnl little hud vise eu 
et^Iy be made from s hin« ud « 
holt csriTing a wing ntit Grt a fast 




I- 



the 

EXPLODING BULLET 



Jobt binge aboat S in, or more long 
Aid a bolt about H in. kmg that will 
fit the boles in the hinge. Put the telt 
through the middle hole of the binge 
and replace the nut as shown in m 
drawing. With this device my small 
object may be firmly held by slaply 
pluing it between the sides cd tin 
.^^gg^ud tightening the nut, 



A PRELIMINARY REPORT 
by Clyde Barrow 

A new line of pistol anmunition 
with exploding bulletsMs now manu- 
factured and marketed by Velex Inc-* 
N. '6809 Lincoln, Spokane, Washington 
99208- (509) 326-5283 phone. 

The line 1s called Velex and is 
currently available In the following 
calibers: 

380 Auto/ 87 grain bullet 

9mm / 92 
38 spec / 101 
357 mag / 101 
45 AGP / 200 

44 magnum* 38 super auto and 44 
special loads are currently being 
tested and will be available from 
Velex in the near future. 

Dealer prices are as follows, A 
$50,00 minimum order is required for 
the wholesale price break. Include 



FFL with your order i 
sed dealer order for 


or have 
you. 


a licen- 


Cal i ber 


pack of: 


Retail 


Uhlse 


380 auto 


10 


8.00 


5,75 


9imi 


10 


8.00 


5.75 


38 spec 


8 


7.00 


5,05 


357 mag 


6 


9.50 


6,85 


45 ACP 


10 


9.50 


6,85 



Standard semi and full jacketed 
hollow point ammo is the basis for 
the Velex load. The hollow point bul- 
lets are redrilled until the cavity 
is 3/16“ In diameter. The hole ex- 
tends to the base of the copper 
jacket. This enlarged cavity is 
filled with what appears to be Pyro- 
dex* a modern black powder substi- 
tute, It may be conventional black 
powder* however. 

The detonator (discriminating im- 
pact fuse) is a brass cup 3/16'k3/16',‘ 
The wall thickness is about halfthat 
of a conventional primer. The inter- 
ior of the cap is coated with a shock 
sensitive explosive, probably the 
same composition found in toy pistol 
caps (Pottasium Chlorate, Red Phos- 
phorus and Black Antimony Sulfide), 
The volwne used is also about that 
of a toy cap- The cup is seated open 
end to the rear and is recessed about 
1/32" from the front edge of the bul- 
let. This recess prevents the round 
from detonating on auto pistol feed 
ramps. 

A thick layer of red sealant, pos- 
sibly laquer, is used to seal the cup 
from moisture, and is also Intended 
to act as an impact buffer. 




recess 
sealer 
priming compound 
primer cup 
powder 

^copper Jacket 
lead core 



The few test rounds 1 was able to 
obtain, 45 AGP and 380 auto, were 
fired into large pink grapefruits. In 
each case the Velex detonated and the 
bullet mushroomed to approx, twice 
it’s original diameter, We'l 1 pre- 
sent an indepth look at Velex in a 
future issue after more extensive 
testing is completed- 
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By Clyde Barrow 

We have received a lot of reader 
coimients about submachine guns* The 
topic generates strong feelings both 
pro and con. 

The picture created by those who 
hold the SMG In low regard Is one of 
a maniac wildly spraying the land- 
scape, firing entire 30 round maga- 
zines with each burst. "Hy god, he*s 
wasting anno!" 

Proponents will describe special 
combat firing techniques, relate 
tales of hits at Incredible distances 
and swear that the SMG has rendered 
the autopistol and light assault ri- 
fle obsolete. 

As usual, the truth falls somewhere 
between these two extremes. To most 
people, SHG means full auto. This 
is only one of the characteristics of 
these weapons, and need not be con- 
sidered a detriment. Most modern SMG 
designs also allow for semi auto 
fire, full auto being used only se- 
lectively, as the need arises. 

The primary attractions of SMGs 
are one handed use, large magazine 
capacity and simplicity of design 
which allows for low cost production 
In small home workshops, without the 
need to resort to investment cast- 
ings, milling machines, and other 
exotic manufacturing techniques and 
equipment. 

The basic SMG type of weapon is i- 
deal for small group or individual 
manufacture for the following rea- 
sons, 

a. The receiver Is usually based 
on either easily obtained and worked 
round steel tubing, or is designed 
around a square or rectangular box 
shape. Examples of the round type of 
receiver Include the Sten, Sterling, 

S & W M75, M3 Grease Gun, and the 
German HP40. The square or box re^ 
ceiver is used In both the Israeli 
UZT, and the Ingram HIO o Mil sub- 
machine pistols. 



b. SMG's are designed to be cheap 
and easy to produce and are geared 
to a military market. Therefore, the 
design can be based on practical 
considerations alone, without the 
need to make concessions to appear- 
ance. Appearance is a major factor 
when designing a commercial gun for 
coFTinerclal sales, and can greatly in- 
crdase the cost and complicate the 
manufacturing process. 



c. Most SMG's fire from a cocked 
or open bolt and contain a fixed 
firing pin. The Inertia of the bolt 
moving forward eliminated the nec- 
essity for complex breech locking 
mechanisms or stiff recoil springs 
found in coemerclaly available semi 
auto guns. This open bolt firing 
allows the weapon to be both lighter 
in weight and simplier in design. 

The open bolt or slam-bang type of 
action does jar the weapon upon fir- 
ing, and therefore some concession 
is made to target type accuracy. 

The next few PMA Issues .will fea- 
ture material on some of the more 
popular modern SKGs.Uhlle we haven* 
yet been able to purchase a set of 
plans for PHA publication, we have 
found sources of several excellent 
designs geared toward home manufac- 
ture, (See Roy Me Laughlin's ad this 
issue and The Void's ad for Holmes* 
Home Workshop Book in previous is- 
sues, both are good sets of plans.) 

If you have a design for sale, 
want to buy or sell specific SHG 
components, or would like to see 
material on some specific SHG, drop 
m a card care of PMA and we'll see 
what we can do. 

The issue features a reprint of 
the patent for Gordon Ingram's MIO 
and MU (MAC) Machine Pistols. All 
parts for these guns are available 
except the lower receiver, and we 
hope to have a set of construction 
plans for the lower unit in a fu- 
ture Issue, If you are Interested In 
the MAC 10 or U unit drop George 
Liu a line (see classified ads this 
issue). He sells complete registered 
SMGs to qualified buyers as well as 
all replacement parts and several 
reprints of articles that have been 
written about the MIO and Mil, 
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■OLT a ANMJE AND nSTOL GUP MAGAZINE FOB AN 
AUTOMATIC HREARM 

Automatic weapons of the lubmachinc gun type ue some- 
limu referred to at machine pistols and such weapons must be 
light in weight and efficient in operation. 

According to this Invention wcightcf the weapon is kept to 
a minimum by constmcting certain elements so that they per- 
form two or more functtoni. For example, the trigger guard of 
tbk invention ts arranged in such manner as to aiTord protec- 
tion for the outwardly protruding trigger and also so as to 
function as guide means whereby rounds of ammunition are 
directed into the breech end of the gun barrel According to 
another feature of the invention, the bolt handle is arranged to 
as to provide manual means for opcrati^ the bolt from its 
closed to its open position and vice versa' and in addition the 
boh handle ts movably mounted on the bolt so as to form a 
locking relationship with an enlarged end of the slot formed in 
the receiver and in which the bolt handle ts slidable. In addi- 
tioot the bolt handle ts provided with a sight path which ac-< 
commodates the passage of liquid in alignment with the front 
and rear sights when the bolt is unlocked but which precludes 
fighting when the bolt ts locked. In this manner a visual indica- 
tion of the locked and unlocked condition of the bolt is af* 
forded. 

For a better Uftderitandmg of the invention reference may 
be had to the following detailed description taken in conjunc- 
tion whh the accompanying drawing in which 

FIG, 1 is a side view of a sub-machine gun constructed ac- 
cording to the invention; 

FIG- 2 is a top view of the gun shown in FIG. 1; 

FIGS. 2A and 2B arc views taken along the line designated 

2— 2 in FIG. 2 and which respectively depict the bolt handle in 
locked and unlocked condition; 

FIG. 3 is a side view partially sectioned and simtlax to FiG* 

I; 

FIGS, 3A and 3B are views taken along the line designated 

3— 3 in FIG, 3 and depict respectively the bolt handle in 
locked and unlocked positions; 

FIG. 4 is an enlarged side view partially in section and which 
shows the bolt to its extreme open position ready for the initta- 
tkm of a filing operation by the uigger; 

FIG. 5 ts a view similar to FIG. 4 but showing the bolt in an 
intermediate positioo; 

FIG. 6 is a view similar to FIGS. 4 and 5 but showing the 
boh in its closed Bring position; 

FIGS. 7 and 8 are enlarged views partially in section of the 
mechanism which depict the extractor and the ejector at the 
beginning of an ejectir4g operation and at the completion 
thereof respectively and in which 

FIG, 9 is a sectional view taken along the line 9—9 in FIG. 

1 . 

In the drawings the numeral 1 designates the frame struc- 
ture of the weapon to the bottom portion of which a magaxine 
bousing designated by the numeral 2 is affixed. A hand 
gripping portion 3 forms a part of magazine housing 2 and the 
numeral 4 designates a conventional removable magazine 
structure. 
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The trigger is of conventional constnicdon and ts 
designated by the numcra] 5, Trigger 5 is pivotally mounted on 
pin 8 secured to thune 1 in a manner well known in the art. 
The numeral 7 generally designates a trigger guard which ts af- 
filed at one end to the frame 1 as by welding designated by the 
numeral 8. Trigger guard 7 is provided at the other end with 
an inwardly extending portion 9 which serves not only as a 
portion of the trigger guard but which abo serves as guide 
means whereby rounds of ammunition from the magazine 4 
are directed into the breech end of the barrel The numeral 10 
designates an intermediate portion of the trigger guard 7 
which protrudes outwardly and Auictiom in the conventional 
lunner as a guard for trigger 3. 

b order to faciUtale secure holding of the gun by the user, a 
strap II Is mounted on bracket lltothefiameofthe weapon. 
The barrel of the weapon is fixedly nuK^nied lo the frame 
and k designated by the numeral 13. BaireJ 13 is arranged to 

extend mwardly bto the receiver 14- As Is apparent from FIO. 
9 the receiver 14 is supported it 140 and at 148 by lateral p<w« 
tions of the trigger guard 7. 

Front sight 15 is affixed b conventional maniiar lo the for- 
ward end of receiver 14 and rear sight 18 b affixed by pim IT 
and 1 8 to the frame 1. 

A retrvjctiblc stock 19 is mounted on a pair of rods M 
which are slidable into and out of the frame itnicture 1. 

Bolt 21 is slidably mounted within receiver 14 and is pro- 
vided with a cavity at its lower right hand portion as view^ b 
FKj. 3 which is reciprocal relative to the breech pOftkHi 22 of 
barrel 13. Bolt 21 is biased toward the right as viewed b FIO. 
3 by recoil spring 23 which is disposed about rod 24. Rod 24 is 
affixed at its left hand end as viewed in FK}. 3 to the frame 
structure 1 and is received within a passage formed b bolt 21 
to that the rod 23 is slidably related to boll 21. 

For the purpose of manually operating bolt 21 frofn its open 
to its ck>t^ position and vice versa, a manually operable han- 
dle 25 is provided m accordance with one feature of tbb b- 
ventioA. Handle 23 is rotatable about its vcrticiJ axis and Is 
held in a parUcutar position by means oflockLng pb 26 which 
is biased toward the left by a spring 27 and which seats withb 
recesses formed on the sides of handle 25 such u are in- 
dicated by the Dumerah 28 and 29. It will be understood that 
recesses such as 28 and 29 are disposed about the periphery of 
handle 25 and preferably are four in number. Handle 25 ex- 
tends through slot 30 formed in the upper portion of receiver 
14, Slot 30 b constructed with enlarg^ end portions 31 and 
32. 

As is apparent from FIGS. 2A, 2B, 3A and 3B, the part of 
handle 25 which U slidable within slot 30 is formed with a 
major axis and a minor axb so that when the major axis b 
dbposed m perpendicular relationship to slot 30 and with the 
handle 25 dbpoied withb the enlarged portion 31 or 32 of slot 
30, the bolt 21 b locked b position. Of course the boh b 
locked In its closed position when handle 25 b locked withb 
the enlarged portion 32 of slot 30. On the other hand, when 
the handle 25 b dbposed b its locked position in enlarged 
portion 31 of slot 30, the bolt b locked b its open position. 
With the bolt handle rotated to the unlocked position as 
shown m FIGS. 2B and 3B, the boh 21 b freely slidable from 
left to right and vice vena. 

Boh handle 25 is provided with a sight passage 33 which al- 
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low* sighting along the front and rear lighu 15 and 16 when 
the bolt handte 25 is disposed in an unlocked position. 

On the other hand, when the bolt handle is arranged in 
locked position, the sight passage in handle 25 is dbpoied in 
transverse relationship to the line of sight defined by front 
sight 15 and rear sight 16 thereby affording a ready visual indi* 
cation of the locked condition of the bolt 

the purpose of securing the removable magaatof 4 ig 
position within magazine housing 2 . a rotatable latch 34 is 
pivot^y mounted on pin 35 within the hand grip portion 3 of 
magaziM housing 2 . Furthemtore latch 34 U biased in a 
clockwise direction toward latching position by a compresstMi 
spring 36 to cause the latching surface 37 of latch 34 to ride 
underneath the latching surface 3S formed in magazine 4. 
Thus as 5 hown in FIO. 3 . the magazuu^4 is 6 eld la its sbrvice 
position. 

In order to remove magazine 4 , manual pressure 1 $ eppHed 
to projecting portion 39 of latch 34 to cause the latch to route 
in a counterclockwise direction about pin 35 . This actioB 
releases latching surface 37 from latching surface 3S Bad al- 
lows the magazine 4 to be removed downwardly in conven- 
tional fashion. 

For the purpoee of biasing ammunition rounds upwardly in 
a conventional maimer, a spring 40 it provided which it of the 
compressional type and which functions in known manner at 
is obvious from FIQ. 3 . 

For ccHitroiUng the operation of bolt 21 by meant of trigger 
5, a sear 41 it provided with a latching surface 42 which en- 
gages the lower right band comer 43 of boll 21 to bold the belt 
in its extreme left hand position. Sear 41 is pivotiBy mounted 
Oft pin 44 uipported on frame 1. Sear 41 u biased in a 
clockwise dnection about 44 by meant of compresaon 
spring 45. A pin 46 it mounted on sear 41 and afford a sur- 
face for engagement by trigger 5. Thus in order to fire the 
weapon and with the parts diqiased in the positions depicted 
in FIO. 4, it is simply necessary manually to rotate trigger 5 in 
a clockwise direction about its pin 6 This action causes the 
trigger 3 to rotate sear 41 in a counterclockwise direction 
about pin 44 due to the engagement of trigger 5 with pin 46. 
Rotation of sear 41 causes its latching surface 42 to disengage 
the lower right hand latching surface 43 of bolt 21. When the 
bolt it thus released, recoil spring 23 drives the bolt 21 toward 
the ri^l causing the round of ammunition designated R 1 to 
slide upwardly and toward the right along guide portion 9 of 
trigger guard 7 as shown forcxample in FIG. 5 . With round R 1 
seated within the breech portion 22 of barrel 13, firing pin 47 
engages the cap portion of round R 1 and fires the round. The 
projectile PI proceeds ounwardly toward the right in conven- 
tional fashion. The pressure developed urges the cartridge 
case Cl toward the left whi^ action drives the bolt 21 toward 
the left against the action of recoil spring 23. Of course the 
weapon contbiuei to fire automatically in known manner as 
long as trigger 5 is depressed. 

Cartridge case such as Cl is extracted worn the breech 22 of 
barrel 13 by an extractor desigiuited for example in FIG. 7 b)' 
the numeral 46. As the cartridge case such as Cl moves 
toward the left in unison with the bolt 21 , ejector pin 49 
strikes the cartridge case Cl and drives the case downwardly 
and outwardly through the ejector opening 50 formed in 
frame 1 . This action is depicted in FIG. 8 . Of course the ejec- 



tor pin 49 is disposed within a passageway 51 formed in bolt 
21 so that there is a slklabte relationship between the bolt 21 
and ejector 49 which pin is ftxed in portion relative to 
frame 1. The extreme right band end 52 of ejector pin 49 
simply engages the lower side portion of cartridge case Cl and 
forces the case to swing out of contact whh the jaws of the ex- 
tractor 48. 

The stock 19 as explained above is retracubly mounted 00 
Uk frame 1 by virtue of the slidable relationship of rods 10 
with the frame 1. Rods 26 are provided with a ptair of notchea 
which cooperate with manually controlled transversely 
disposed locking rods. For example, outwardly protruding 
manually engagetble pm S3 b engageabte with transversely 
disposed locking rods 54 and 55 which cooperate with a trans- 
verse notch formed in rods 20. Rods 54 and 55 together with 
the manually operable element 53 are biased downwardly by 
compression spring 56 which b mounted within manually 
operable element 53, Spring 56 at its upper end b seated 
against' plate 57 secured at its forward and rear portions to 
transversely dbposed rods 58 and 59 which are mounted at 
their ends in fixed relationship on frame structure I . Thus with 
the slock 19 dbposed in its retracted position as shown in FIG. 

3, upward pressure on manually operable releisc element S3 
elevetei the transversely dbposed locking rods 54 and 55 and 
causes those rods to dbengage the notches formed in rads 20 
and allowt the rods 20 to'be withdrawn toward the left. iVhea 
the right hind notch of rods 20 (not shown) engages the 
downwardly biased locking rods 54 and 55, the stock 19 b 
locked in its outwerdly extended position, fn this position the 
weapon may be fired by resting the stock 19 agaiftit the 
shoulder chest or the like of the user, in cider to retract 
the stock 19, the clement 53 u pushed upwardly and the 
pushed inwardly into the locking poshton shown in FIG. 3. 

Safety eiemeni 60 b movable by pin 61 manuelly in a trans- 
verse direction about pin 62 as a center so as to engage the 
seer 41 et the rear thereof thereby to prevent b^ releasing 
movement of the sear. 

Tbe embodirnents of the invention hi which an exdurive 
property or privilege b claimed arc defined at follows: 

I claim: 

1. A firearm comprbiag a frame, a receiver mounted on said 
frame, e band mounted on said receiver, a boll wiomt wd Is 
said receiver and telescopically movable relative to the hraeefa 

end of said barrel, a firing pin fixedly posMoned on a portion 
of the bolt so located lelative to the breech end of the banal m 
to come into contact with the free end of a cartrid^ of a 
round of ammunr-ion in the bivecta end of the bemi upon 
release of the bolt from its open position, tecoO spring 
arranged to biu said bolt toward firing position, meeae ksehid- 
ing a trigger end sear movably mounted on said frame — ^ 
operable to release said bolt from its open poahion to t«*i*t*^ n 
firing operation, a magazine mounted on said frame with bs 
discharge portion a^jaMnt the breech end of said banel . a 
trigger guard fixedly mounted on said frame and having an in- 
termediate portion extending from said frame oMwaidly and 
in enveloping relation to said trigger, mid trigger fuetd beleg 
arranged with one end thereof dbposed adjacent tbe dbeherge 
portion <rf said magazine and eitending toward tbe breech cod 
of said barrel for guiding loumb of ammunition tolo tbe 
breech end of said barrel prior to firing, and a boh * 
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moviUy mounted on Mid bolt uid protniding ouiwoidly 
throug^ k longitudiiul tlol bnned in Mid leceivtr, mU ilot 
and Skid bolt handle bein| conrigured so m to prevtni mo««- 
ment of said bolt relative to Mid receiver for one poattien of 
said boh handle relative to said boll and so u to 
movement of said bolt relative to said receiver for 
position of said bolt handle relative to said bolt 

2. A fireann comprising a frame, a receiver mounted on said 
firme, a barrel mounted on Mtd receiver, a bolt mounted in 
said receiver and telescopically movable relative to tbe breech 
end of said barrel, rccoU spring means uianged to bias said 
boll toward firing position, means including a trigger and Mar 
movably mounted on said frame and operable to relcMe said 
bolt from iu open position to initiate a firing operation, a 
m^azine mounted on said frame with its discharge portfaM 
adjacent the breech end of Mid barrel, and a trigger guard fia* 
ediy mounted on said frame and having an intenncdiaie psr* 
lion extending from Mid frame outwardly and in enveloping 
relation to said '.igger, said trigger guard being arranged with 
OM end thereof extending inwardly into the interior portion of 
said frame through an opening formed therein and disposed 
somewhat to the rear of the breech end of said barrel and said 
one end of Mid trigger guard being configured to define an up< 
wardly inclined path for guiding rounds of ammunition into 
the breech end of Mid barrel prior to firing. 

3. A firearm according to claim 2 wherein the other end of 
said trigger guard is fixedly mounted on Hid frame immediate' 
ly forward of Hid trigger. 

4. A firearm comprising a frame, a receiver mounted on uid 
frame, a barrel mounted on uid receiver, a bolt mounted in 
said receiver and telescopically movable relative to the breech 
end of said barrel, recoil spring means arranged to bias uid 
bolt toward firing position, means including a trigger and tear 
movably mounted on said frame and operable to leler^e uid 



bolt from its open position to initiate a firing operation, a 
magazine mounted on said frame with its discharge ptHtion 
adjacent the breech end of Hid barrel, and a trigger guard fix* 
edly mounted on said fiaine and having an intermediate por* 
tun extendirg from said frame outwardly and in enveloping 
reUtiwi to said trigger, said trigger guard being arranged with 
one end thereerf disposed adjacent the discharge portton of 
Slid ffli^azine and extending toward the breech end of said 
barrel for guiding rounds of ammunition into the breech end 
of uid barrel prior to firing and said one end of uid trigger 
guard being provided with lateral portkmi for engaging lower 
parts of said receiver and for affording support therefor. 

5. A firearm onmprising a frame, a receiver mounted on said 
frame, a barrel mounted oawid receiver, a bolt mounted in 
said receiver and telescopwdUy nriovable relative to the breech 
end of said barrel, recoil qving means arranged to Mas said 
bolt toward firing position, a bolt handle movably mounted on 
said boh and poiruding outwardly through a longitudiaal dot 
formed in said receiver, said slot and said bolt handle being 
configured so as to prevent movement of said berit relative to 
said receiver for one position of Hid boh handle relative to 
said boh and so aa to accommodate movement of Had boll 
relative to said neeiver for tneUter poehton of said boll han- 
dle relative w saU bolt, and a ilgbt pMaage bciag formed in 
said bolt handle and arnutged to accommodate eightiag when 
Mid boll handle b dbposed hi unlocked eeoditiwi but not 
when said boh handle bin a bolHocktagpoMiioo. 

fi. A ffmirm acoordini to claim 5, fiiitber oomprbing at 
leHt one sight aligned with the bolt bandle. 

7.. A firearm accordbig to claim 5, Airther comprblai front 
and rear sighta aligned with the bolt handle. 

• • * • • Continued On 

Next Page 



25mm Flare Gun 
Conversion 

BY THE AMATEUR 

Here are the plans for modifying 
a flare gun to fire -22 long rifle 
ammo, 

Articles Needed: 

1- a ,25 mm to 12 gauge adapter or 
reducer, this converter is avail- 
able from Olio Corp, , Box 107* 

Peru Indiana A6970. Price S3 
2, a 12 gauge to 22 LR shell shrink- 
er, price $12, 35s available from 
Shell Shrinker Industries, Box ^$2, 
FI 1 Imore, Cal 1 fornia 93015- (They 
also make a neat gun storage safe) 
3* a *25 >Tun flare gun. Olin Corp, 
sells one for about $A0. A. C. A. Inc. 
Box F, Chicago Ridge, 111. 60 A 15 
sells one for $19*95* Either one 
works equally well, but the cheap- 
er one needs an assist from a rub- 
ber band after the first few shots. 
By simply taking a hacksaw and 
sawing the ,25 mm adapter Just above 
the ridge on the Inside, you are 



halfway home, Olln made the adapter 
with the ridge so that It would ac- 
comodate a 12 gauge flare but not a 
12 gauge shot-shel 1 , I f you saw it 
below the ridge, you will find the 
adapter will accommodate a shotgun 
shell. This Is not advised because 
then you have an N.F.A, weapon which 
is unsafe to use. If you saw If off 
Just above the ridge, It will still 
not accept a 12 gauge shotgun shell, 
but you can hammer the stainless 
steel shell shrinker Into the alumin- 
um adapter. It will not easily come 
apart this way, but to play it safe 
you may want to weld or solder It 
In place. Vou then place the adap- 
ter, the shell shrinker, and a 22 
rim fire bullet In the flare gun as 
you would if you were going to fire 
a flare. You now have a sanitized, 
single-shot .22 IR pistol, with a 
possible bell-type sound depressor, 
(contact silencer) It Is easy to 
make, requires only a hacksaw as a 
tool, and uses easily available mat- 
erials. The disadvantages are that 
It is single-shot, possibly Illegal 
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United States Patent nsi 3,651,736 
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MAGAZINE POR AN AUTOMATIC 
FIREARM 

(73) Inventor; Gordon B. Ingtwit Studio City, Cnlif. 
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/Notary ^M/Mr~Ben)*RtU A. BoieheH 
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A»«nwy— Nolle A Nolle 
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(23) Filed: ivoi 11.1969 

(31) Appl.Noj 837,683 



132) UACL 89/132,42/16.89/1 K. 

. 89- 193 

(SI) InkCl. r41dUl'82 

(S8) FleMorSterCb 42/7. 16.3,72:89/27 3. 136, 
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(36) Relerencei Cited 



UNITED STATES PATENTS 



710,660 10/1903 Benncii ct el 42/16.3 UX 

786,099 3/1905 Clement .....g9/i9S X 

1.502.676 7/1934 Kewiih 42/16. 3 UX 

1,869,911 8/1932 Reiitng 42;j6.3UX 

2.297,693 10/1942 Dicke 89/180 

2.424,194 7/1947 Sempionctel 42/72 
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An ■titomatie firtetm eomprieet a frtme, • teceiyct mounted 
on the freme. ■ barrel moulded on die reeeiVcr, a boh 
diaiiMed m the receiver and teIcKpple ally mbvabla rcladva 16 
the breech end of the barrel agatnat tbe action of a raeoU 
ipring. ib« boh being eontrolled by a tear which it movable in 
rctponae to movement of the weepon trigger. A trigter guard 
ii mouiued on the frame and ditpescd in enveloping relatkio* 
thip to the trigger an^ arranged with one end protruding In- 
wardly of the frame and adjaemtt iha breech end of the bene) 
to at to aid in guiding roundi of amm uni iron into the breech 
end of the barrel. A bolt handle it movably mounted on the 
boll jtnd atnn|ed to c a lend .through a longitudinal tloi formed 
in the receivw. The bolt handle it constructed ao at to form a 
hickuif reUtionthip W'iih enlarged e ndrof the longitudinal tioi 
when moved relative to the boll 4hd a tight pauage it formed 
in the outwardly protruding portion of the bolt handle which 
aliowi tighiing ihereihrough in line with the front and rear 
tigliu when the bolt handle it in an unlocked condiiioa but 
precluding lighting when the bolt handle is in locked poaiilon. 

7 Clah n i, 13 tNawtng Figurw 
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by rot Me LAU6HL1N 



FULL 



AUTO 

PLANS 



STRIKER I ["hump" 



DRILL OUT 
SPOT WELDS 



BOLT ASSEMBLY 



MAGAZINE GUIDE 




SERVES AS 
MAGAZINE STOP 



MAGAZINE I 

guide Plate! 

Converting the Mossberg .22 semt' 
auto rifle to ful 1 -automati c Is very 
easily accompt I shed* 

the rear bottom of the bolt most 
be filed flat (see diagram) « This 
'*hump'^ activates the sear; causing 
engagement of the striker on recol K 
Removal of the "hump" allows contln-^ 
uous firing for the time the trigger 
Is held to the r^ar; full-automatic 
fire of the weapon until trigger is 
released. 

The Atchisson M-l6/AR*l5 -22 Ir 
CONV, HARK il 30^shot magazine Is 
used for the Hossberg In this con- 
version. The magazine Is available 
from BiMGHAM LTD, 1775-C Wi Iwat Dr. 
Korcross, GA. Price $17*35 ^ postage 
See diagrams for a1 i instructions 
below. 

01 s-Assemble magazine: 

First remove upper reai* of maga- 
zine for I 13/1^'* fr<m the top. File 
flat with body of magazine. Braze or 
solder the magazine guide (with ex- 
tensions removed) from a 7"shot Moss- 
berg magazine In this location so 
that bottom of magazine guide Is 
1 5/8" from top of magazine. 

Kext^ file the magazine feed lips 
to the configuration shown: leaving 
enough metal to keep feed plate from 
exiting magazine at top. 

After filing, clean magazine com- 
pletely and oil inside tightly. WD 40 
Is fine for this purpose. Re-assem- 
ble magazine; load 1 round and check 
feeding manually. 

Magazine guide arm extending down 
from bottom of receiver may have to 
be bent "slightly" forward or rear- 
ward. This Is actually un-1Ike1y, 
but possible. 

Once (1) round feeds successfully, 
load (10) rounds and repeat manual 
operation. Successful operation of 
(TO) rounds suggest a completed Job, 
Congratulations! 



s/a mossberg 

7 -SHOT .22lr 
magazine 



CUT OFF 
EXTENSIONS 



magazine 
guide plate 
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DO-IT-YOURSELF MACHINE PISTOLS 



Building an SHG from scratch is not 
an easy job for most people, even 
though excellent plans are available 
from various sources* Not everyone 
has the shop, tools or skMI re- 
quired- Converting a semi-auto pis- 
tol (vould seem to be a more practi- 
cal approach. 

These conversions still appear to 
be difficult to most folks, who be- 
lieve that complex machine work and 
bard to get parts are needed- 
All of these objections are true 
sometimes, for Instance, to change 
an M-1 carbine to M-2 (a favorite) 
requires a set of parts that are 
costly, rare, and wotted by the 
Federal boys- 

The AR 15 rifle needs the lower 
receiver re-machined plus new parts 
before It will fire fully auto- 
The new Thompson N1527A1 looks 
like a natural, but It would be a 
difficult job Indeed to convert It 
because it was designed just to stop 
such a project. 

But take heart! There Is a way 
out for the resourceful Individual. 
There are weapons that can be al- 
tered to be useful, useable, and in 
some ways, about ideal- 

Many modern automatic pistols are 
easily and cheaply convertable to 
full auto, and In a lot of cases no 
one can tell the difference unless 
they shoot it- 

After examining many pistols 1 can 
offer the following list of suitable 
guns, along with a few commentS- 
Valther P-36 

An easily converted pistol with 
good handling and re1 iabi 1 1 ty . 1 1 ' s 
biggest disadvantage is it^s high 
cost, both new and used- 
Browning Hi-Power 
Very good design with large mag- 
azine and larger ones aval labte.Very 
strong- 



ly THE 

KENTUCKY 

RIFLEMAN 



To put together your custom gun, 
you will need a long barrel, an ovei^ 
size magazine (l suggest at least 
25 rounds), a custom-made shoulder 
stock, and the time and desire to 
put them together- 

The long barrels are available 
from various parts dealers for some 
pistols. Other guns may need custom 
made ones.ChecV around and read the 
Shotgun News- Lots of places carry 
the magazines, again, check around - 
The stock Is easily made from a 
piece of steel or aluminum strap 
(see drawings). 

The Colt M1911 In any cat Is a 
natural because of simplicity and 
ruggedness. 

After you have your pistol and the 
new parts, you must do the altera- 
tlons- 

The first order of business Is to 
strip the pistol, if you are working 
on a Colt 45, a military manual can 
be a big help. For any make or model 
of gun, a copy of Small Arms of the 
World by W-H,B-Smltti Ts Invaluable 
in helping you to understand the 
works - 

After you have the slide, barrel 
and spring off your 45, notice the 
disconnector sticking up from the 
frame Just behind the magazine wel 1 - 
This is the part that must be short- 
ened to convert the 45 to full auto. 
Remove the disconnector and shorten 
it by either filing or grinding It 
Just enough to be flush with the 
frame- Then re -assemble the pistol 
using the longer barrel (If you wisli 
and If you wish, a buffer unit and 



a stronger recoil spring to Insure 
rellabl 1 i ty . 

All that is left is to Install the 
new shoulder stock, give the whole 
thing a good safety test and you're 
in business! 

The Sauer H-3& Is even easier to 
alter than the Colt- Start by strip- 
ping the gun. The Sauer Is stripped 
by pulling down the latch in the 
trigger guard, then pulling the 
slide all the way back and up, then 
letting it go forward off the frame- 
Then remove the grlps- 

To Start the conversion, remove 
the trigger bar (see drawing) by 
gently prying out of the frame. 

Then locate the hump on the out- 
side of the bar that acts as a dis- 
connector by fitting into a cutout 
In the sTlde. This hump must be 
filed down until it no longer makes 
the contact with the slide. 

There Is a pin at the front of 
the barrel mount that locks the bar- 
rel In place. Remove this pin by 
carefully driving out with a hammer 
and punch- Then gently heat the bar- 
rel with a propane torch or solder- 
ing gun or iron until it can be 
pulled free. Your new long barrel is 
installed by first tinning the bar- 
rel (heating until a thin layer of 
solder adheres) then Inserting into 
the barrel mount- Then replace the 
pin and heat to melt solder. 

The beauty of this type of barrel 
mount is that since the barrel Is 
solidly fixed, you can mount Just a- 
bout anything on the end (such as a 
silencer). Just be sure It Is re- 
movable so you can strip to clean- 

To reinstall the trigger bar, sim- 
ply Insert the round lug at the 
front Into the trigger, making sure 




Hauser HSc 
Compact size, easily converted, 
large capacity magazines avaitable- 
Olsadvantage is 32 ACP cal- 
Llama 45: 

See Colt 45 
Colt 45 M 1311 

Easily converted to full auto with 
parts and magazines available. My 
choice for a big bore sub-machine 
gun. 

Sauer M-38 

A high quality pistol easily con- 
verted to full auto, a compact size. 
Easy to work on. 



that the trigger spring end that is 
feeing to the rear gets placed over 
the pin In the trigger bar- 
When you have re-assembled. your 
pistol, attached your shoulder stocK 
Inserted the long magazine, and test 
f i red , you have the poor man ' s HAC 1 1 . 

Continued On Next Page 





Modified Colt M 1911 
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IMPROVING THE BASIC CROSSBOW 

BY ROBERT MAYBETH 

The crossbow Is one weapon no arms 
buff should overtook, tt is sMentt 
powerful f and more accurate than the 
long bow, given equal time to prac-^ 
tice with both weapons. And best of 
all, many city penal codes completely 
Ignore any mention of the crossbow. 

A simple crossbow Is detailed on 
p. 31 of the Survivor . It’s a good 
design, but like most other crossbow 
it can only be used to shoot arrows 
or bolts. A crossbow with an enclosed 
'barreT is better because one, steel 
bails and other round anvno can be 
used and two, rifle sights can be 
mounted on top of the, stock. A cross* 
bow of this kind can be made by any- 
one at all skilled In woodwork for 
about $1^. 

If you're the type who wants the 
best, get walnut for the stock; for 
most of us, though, maple or ash Is 
more realistic. You should get an 
unwarped, knot -free piece of wood 3^*' 
long, 7" wide end 1-1/Z" thick. If 
the thickest wood you can find is 
only 3/V thick, then buy 2 pieces 
and glue them together. 

To make the crossbow, first the 
outline of the stock is drawn on the 
wood and cut out with a Jig saw or a 
coping saw. After the stock shaping 
is done with a rasp or files, the top 
section of the barrel Is cut off and 
set aside. He>(t the 2 slots, for the 
trigger assembly and the bow, are cut 
The smaller slot In front of the bow 
opening is for the wedges that wilt 
hold the bow In placi. 

The next step is to make the barrel. 
The top section (that was previously 
set aside) and the bottom section of 
the barrel are both planed flat, and 
a 5/8" barret channel is roughly 
gouged out to less than final dia- 
meter with a chisel. The barret Is 
finished by wrappings foot long steel 
bar with sandpaper, and sanding both 
barrel sections to final diameter. 

You will then need to cut away 
1/3" from the Inside surface of the 
upper barret section for the bow- 
string slot. The cut starts at a 
point 3" behind the muzzle and ends 
at the same point that the barrel 
does, at the end of the trigger slot 



Bowstring Slot 






n 


Tri 

L 


ItRIGGEA ASSEM^Y] | 


- Barrel 






Trigger Stop^ 



bow slot 



Trigger Spring 



1 



f FRONT 1 




Lower Block 




The barrel sections are not Joined 
together until the bow and trigger 
assemblies are put In. 

The trigger return spring is mounted, 
on the one end, in a shallow hole 
drilled in the rear of the trigger, 
and on the other end, between the two 
smal 1 blocks. 

The third step is making the bow. 

It is a compound bow, made of 3 
strips of yew or ash 1" wide by 1/4" 
thick. During this particular step, 
some guys go overboard and use steel 
for the bow, along with a wire bow- 
string. This arrangement is fine for 
punching holes In panzer tanks but 
the bowstringwears the crossbow ra- 
pidly. So, if you must make such a 
monster, use a high-test dacron bow- 
string. 

Getting back to the bow: the last 
and longest strip Is 33" tong, with 
the ends tapered and nocked for the 
bowstring. The second strip Is 27". 
the firs.t 25". The strips are held 
together with 1" wide metal bands. 

The bands are bent around the strips 
as shown in the diagram, and held to 
the longest strip, only , with short 
screws. The other two strips of wood 



COMPLETED CROSSSOW | 



must be able to move freely within 
the metal bands. 

The bow is put together as follows: 
one band Is attached to the leftside 
of the bow; then the bow Is slid Into 
Its slot In the stock and the other 
band is put on the right side.Lastly, 
the wedges are spread with glue and 
driven Into the appropriate slot to 
hold the bow In place. 

The diagram for the trigger assem- 
bly should be self explanatory. The 
trigger is cut from 1/8" thick steel 
or brass, and holes are drilled In 
the trigger and stock for the trigger 
pivot screw. All parts of the trigger 
that will touch the bowstring are 
well rounded with a file or grinder. 

The assembly procedure for the trig- 
ger is as follows: the upper block, 
with the bottom rounded to accept the 
spring. Is smeared with glue and 



fsiDE view" 




metal band . cSi? 






bowstring s lot 



trigger slot 



handgua 






boW' 



slot 
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pushed Into thft tr3g^«r slot. Th^n 
the trigger, with trigger spring it- 
tichftd, Ks pushftd into the slat and 
the trigger pivot screw li added. The 
lower block Is spread with glue and 
pushed In place under the spring. 
LastlVp the trigger stop block is 
added . 

This completes the trigger asse^bT^ 
Mowp the upper section of the barrel 
\i attached; a screw holds the rear^ 
and a thin fnetal Strip l/2"wlde holds 
the front section together. The com- 
pleted crossbow Is then $talned and 
varnished, if desired. Any design of 
homemade sights tan be attached p leaf , 
peap sightp or any E:orriTiarcial rifle 
sights. 

After the bowstring Is strungiTOu 
can te4t the thing with a variety of 
amno. Regular arrows can be used^but 
the feafhftrs may need to be trlnined 
to fit the barrel. The best Birmo to 
feed it is \/2'' steel ball bearings, 
but you can even use nutSf bolts ^ 
marbles, fctc. When shooting any kind 
of round ammo, cotton wadding is 
tucked In to hold the pellet In place 



HOW TO CONVERT A FILE 




A ll that was required to make the high- 
grade hunting knife shown above wa^ 
a wom-nut 10-in. tnill Hie, ID cents worth 
of ’Mrap sole leather, from 4 shoe repair 
5 hopn a piece of scrap braaa 1% In. iti 

diameterr 

Place the file in a forge or huiy It in a 
roaring bed of live coals m a furnace or 
stove and bring lo a white bent. Retnove 
and cool gradually. This will leave just 
the ri^t temper, 

^Now place the file in the viae with I in. 
above the Jaws, and break it off with a 
hammer. Grind the file down to &hape on a 
coarse whed 45 shown" in the drawingSp 
End finish on a fine wheelp but do not put 
a. knife edge on the blade until the whole 
is completed. Thread the end of the tang 
os indicated. 

Shape the ferrules on a lathe or by 
grinding- Anneal the front ferrule by heat- 
ing to 4 cherry red 4nd plunging it into 
cold water. Then drill a H~in. holt through 
the center. Place the piece on the anvil 
and drive down flat 60 that it will slip into 
place on the Ung. 



INTO A HUNTING KNIFE 





leatiheA 

Ji.U^ER 

tf-P 



LAV m Side 
AtJt pnESS cn 
hiiuut|IFL*.T 

Cut the sole 
leather into spproii- 
mate skes^, DrSl! or 
punch holes through 
ihe centers and slip 
them onto the tang, 
brill and tap the 
end ferrule^ and 
acrew it tightly on 
the end of ^e shaftp 
which has-prevdously 
been threaded. 

Let the knife stand 
for a few days until 
Ihe 

qughly 
turn up 
rule as 
possible. 




RIGGIMG 

YOUR 



COMMAND 

POST 



Place your rnsnuilly detonated 
mines In spots that can be readily 
IdentifTad by you- If you put one In 
B tree stumpp run the String into 
your ewftnand post» put a Uttl* tag 
On the pulling end that says 'tret 
stimip*. If you have ■ bfg project 
1 ike a loftg wall that you want to 
dot with mines, put numbers on the 
well feeing you and tag your strings 
accordingly. By doing this, you Just 
s 1 1 beck end wi 1 1 for sonwon* to take 
his position^ an4 then finish hlin 
off I If you are being stormed, pull 
all the strings at once. * # * 



[wood 

ipilei 



Itree ^ 

stufms 



Command Post 






POOR MAN’S JAMES BOND Vol . 2 



78 



THE POOR MAN.'S ARMORER 



Contact Mine 

BY F.B. 

1 ; One let 

2. Hells 

3* One r* metil tube thet will 
snugly hold the bullet* 

One lightweight spring ebout 1" 
dlemeter. 

5* One 6** length of broomstick. 

6* One cfrculer piece of wood 2" 
dietneter. 

7- One metel tube« e bout 6" long, 
diemeter being wide enough to 
eliow the broomstick to pass 
through* 

Glue, solder, end aerosol spray 
sealant. 

3. Large plastic bag. 

T: Nail the circuTar piece of wood 

to one end of the broomstick. Drill 
a hole in the other end. Insert a 
nail into the hole, point showing, 
and glue It firmly in place. Slip 
the spring over It- This Is the 
plunger, 

2- Drill several holes In the side 
of the small metal tube, lA*' from 
the end. This Is the detonator hous- 
ing- 

3. Solder the detonator housing to 
the bottom mid-section of your mine, 
drilled holes down. 




bullet 




removed-insert over housing 



4- Remove the slug from the bullet. 
Insert a light wad of paper Into the 
cartridge to the gunpo^er does not 
run out. Invert the cartridge and 
insert It In the tube. 

3* Cut a hole in the buffer that 
win be used to separate the explo- 
sive from the shrapnel. 

Take the tuba and cut 1/2" 
of one end away so that only k thin 
pieOes of nietal remain. Intert It 
over the detonator housing and se- 
cure It In place with glue or sonw 
other adhesive. 

7. Fill the mine with explosive, 
slide the buffer over the tube, se- 
cure It, and fill with shrapnel. 

B. Cut a hole in the mine cover, 
placing It over the tube so that a- 
bout 1/2" of the tube extends above 
the mine. 

3. Seal any spaces between the mine 
cover and tube with an aerosol seal- 
ant to keep moisture out. Do the 
same to alt corners and cracks. 

Id To arm the mine, carefully slide 
the plunger Into the tube so that 
the nail Is about 1/8" from the car- 
tridge primer. 

11. Carefully place a plastic bag 
over the plunger and secure It to 
the tube with a rubber band to keep 
water and dirt out. Then take the 
rest of the bag and slip it over the 
mine and tie it around. This wl M 
provide further resistance to the 
elements. 



A convenient size, and has a 

JEp a a xA s' 3Pher of long nails or spikes dri 



BY BILLY L. NIELSEN 

In the event of an extreme emer- 
gency or catastrophe, the urge to 
survive will be the one most upper- 
most instinct in all men. As we pre- 
pare for an eventual crisis, we be- 
gin stocking up on food, water, de- 
fense firearms and ammuni tion.Having 
made the above provisions, we next 
must consider keeping and protecting 
these precious suppi les , as well as 
keeping alive. Booby traps w11 1 not 
only help protect one against unwel- 
come intruders, but can also serve 
as an alarm system. It should be 
stressed that all of the following 
are extremely dangerous and can and 
will cause extreme harm and death. 
They are definitely not toys to play 
with, nor to be used as a prank. As 
anyone who has been to Viet Nam will 
tell you, these devices have been 
used against our Forces with deadly 
effectiveness . 

The first group of Booby Traps are 
classified as 'Stationary^ traps, 
which means that no movement on the 
part of the trap Itself is required 
to cause a resulting action. The 
first and simplest to make Is theor- 
dinary 'Spike Board' trap. This de- 
vice consists of a wooden board of 



through it. A most typical size Is a 
board of about 3/^'* thickness and 
about I ft, square. The nails should 
be spaced about 2 to 3 Inches apart, 
and have the points sharpened after 
being driven through the board. Fig. 1 




A variation of the 'Spike Board' 

Is one called the 'Barbed Spike Bd. 
The construction of this one is si- 
milar to the plain 'Spike Board' ex- 
cept that the points of the nails 
are flattened and filed to a barb 
after being driven through the board. 
Fig. 2 The purpose of the 'Barbed 
Spike Board' is to prevent immediate 
withdraw! of the spikes, thereby re- 
quiring the victim to be carried back 



to a modern facility and to give the 
defender more time to escape. 




The Spike Boards are mostly used 
as a harassment or delaying device 
and are usually placed in a small pit 
about 10 to 12 " deep. They are placed 
on well traveled trails or paths. 

A good place to place these 
traps is on the main path to the sur- 
vival shelter or hideout. I should 
like to mention at this time that 
some method of marking your booby 
traps should be used so that youworft 
become a victim of your own trap. 
Some suggestions ere, a twig broken 
or bent, a piece of string or yarn 
placed oh a tree near the trap to 
mark its location. Do not make your 
marking too obvious, or it will re- 
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Pit\ borrowed from the Morth Viet- 
namese. The Puffj i Pit Is a pit or 
hole dug Into the ground approximate- 
ly 4 ft. square and $ to 6 ft. deep. 
Several small saplings or long stakes 
are driven into the bottom of the pit 
and the tips of the stakes are sharp- 
ened. The entire pit fs covered with 
interwoven small twigs or branches 
and covered with grass or leaves, de- 
pending on placement of the pit. This 
one can really be deadly! Flg.^t A 
simpler use of the PunJ i fs sometimes 
very effective when used In fields 
where tall grass or weeds grow. In this 
trap the sticks are driven Into thd 
ground at an angle of about 30 to 40”, 
Anyone walking or running 




Fig. 6 illustrates using the 
PunJ I stick tn a small creek or streamj 
Again, these should be placed at a 



or trail. As with all booby traps, 
any variations on these ideas should 
be tried and in almost all cases will 
be effective. The main point is to 
conceal or camouflage the trap insuch 
a manner as to make it blend in with 
the natural surroundings. 

Remember that a trap which is easily 
spotted can be avoided. All steps 
should be taken to make the trap look 
as natural as possible. Don't forget 
to periodically check the traps to 
ensure that the cover Is still effec- 
tive and also to determine whether or 
not someone or something has not sprung 
the trap.The weather or wild animals 
can sometimes bare the trap, and as 
we said earlier, a trap not well cam- 
ouflaged Is not a trap. 



BOOBY TRAPS PART 2 by Billy Nielsen 



In Part 1 of this article we dis- 
cussed the construction and instal- 
lation of stationary booby traps, 
traps that require no motion to 
cause damage. In Part M we are go- 
ing into some Ideas on 'Moving Booby 
Traps', or traps that cause damage 
due to their movement. Note that 
placement of these traps as In Part 
I requires a location that Is a well 
traveled foot path or an avenue of 
approach to your hideout or survival 
shelter. In both instances, camou- 
flage is the key factor to instal- 
ling an effective trap. I would like 
to point out that the traps illus- 
trated in this article were all used 
very effectively against out Armed 
Forces In Viet Nam, and can be very 
deadly. They are definitely not toys 
to pUy with. 
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The ffrst type of trap Is called 
the 'Whip*' \n this device, a young 
sapling, about l'-l/2 to 2 inches in 
diameter, is tied crossways to a 
sturdy tree along the side of a well 
jtraveled path or approach and is 
Ipositioned so that it's end will be 
aboutchest high in the sprung pos i - 
tlon,. Flg*l A Spike Board similar 
to the one that was used in the 
Spike Pit Trap (PMA voK 1 #3) Is tied 
to the sapling In such a manner that 
it will strike whomever trips the 
wire In cither the chest or back; 
depending on their direction of tra^ 
vel. The sapling is then bent back 
away from the trail and secured with 
the trip-wire mechanism* When the 



The next device Is called the 
'Angled Arrow' trap. It Is construc- 
ted and placed In a pit inthe 
ground which has a sloping bottom* 
Fig, 3 The arrow platform Is con- 
structed from a piece of board a- 
bout 1 in, thick, 3 ft» long, and 
about 12 In, wide. A guide channel, 
such as a piece of tubing, is fast- 
ened to the board to direct the ar- 
row in the desi red dl rect ion. Two 
spikes are driven Into the board on 
a line across one end of the tube 
and are used to secure the rubber 
bands. The rubber bands caii be made 
by cutting up an old Inner tube or 
you can use surgical tubing. The 
trigger mechanism is constructed out 
of steel rod or a large nail, and 
uses the same principle as that of 
the crossbow* Remember that the rub- 
ber bands exert a constant strain on 
the trigger mechanism and therefore 
must be the strongest part of the trap. 

Flg*A Itote that the trigger 




TRIGGER MECHANISM 



trip wf ^ 



ANGLED ARROW TRAPgg^^ 

/ /rubber 
/ band 




^ins) — 1 

NOTE: release trigger 
wire formed thus: / 



The final group of moving traps 
are suspended above the trail or 
path* The first Is a 'Log Hace' , a 
small diameter log 8 to 10 feet long 
with spikes driven into it* It is 
suspended from an overhead tree so 
that the spikes are about chest hlgl\ 
and then pulled back up Into a sec- 
ond tree and fastened to the trip 
mechanism. When the trip wire is 
sprung, It swings down along the path 
hitting anyone In the way. Fig, 7 Two 
variations of the Log Hace are the 
'Spike Ball', which Is a large ce- 
ment ball with spikes In it, and the 
'Suspended Spike Board'* Figs. 6(9. 
With the Suspended Spike Board, the 
device falls straight down on the 
person springing the trip wire. It 
has also been known as the 'Tiger 
Trap'* This one can really be deadly. 
Again, I remind you that these de- 
vices can cause severe injuries and 
care should taken when building 
and setting them up. 



trip wire is pulled, it removes one 
of the retaining sticks and allows 
the Whip to spring towards the trail 
striking anyone in It's path. Notice 
In Fig*2, how simple the trigger 
mechanism is to construct. The var- 
ious traps described here all use a 
similar trip mechanism which Is 
readily constructed from materials 
at hand. The principle of keeping 
the trip mechanism a$ simple as pos- 
sible and the use of one type of 
mechanism for several trap designs 
reduces the amount of equipment that 
a person may have to carry In the 
construction and placement of these 
traps. 



wire is set into a small hole In the 
board as well as being held in place 
by the pivot rod. Any tension on the 
trip wire rotat^es the trigger wire 
oh the pivot axis, releases the rub- 
ber bands and causes the arrow to 
fly out of the tube* 

The third trap is called the 
'Pivot Spike Board', This one Is 
used in conjunction with a foot pit. 
When a person steps on the treadle^ 
the board with spikes, Fig.Si pivots 
about an axle and strikes the victim 
in the leg, A variation of this trap 
is called the 'Sideways' trap and is 
shown In Fig, 6, This one Is usually 
placed at the top of a pit about A 
feet deep and Is camouflaged. As a 
person steps on the trap, he dis- 
lodges the prop stick, which re- 
leases the rubber bands, causing the 
sides of the trap to close. As the 
victim is falling, the spikes rake 
his body, arms, and legs, causing 
much damage* 



SIDEWAYS TRAP 




rubber bands cut 
from inner tubes 



Continued next page 
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SWINGING GRENADE LAUNCHER 

by 

A, D. CRANFORD 

Here's e neat little device that 
can launch a 2 lb. pipe boetb 100 
yards or more, depending upon the 
thrower* Use a pipe bomb with a 10- 
15 second fuse and tie a string 2-3 
feet long around one end, as shown 
in Flg.l. 

Using this method of launching, 
you shouldn't find It too difficult 
to throw accurately at surprisingly 
long distances. The grenade that 
wouldn't reach a nearby hi M can now 
be thrown over’ the next one as well* 
There are several times when you* it 
need a grenade to reach something 
hidden behind cover where your rif- 
le or shotgun cannot reach. 

This 1 auncher has the advantage 
of silence, Is cheap, and Is simple 
to build and operate* This device 
requires a bit of practice In order 
to be used accurately and a little 
room is required to swing It. The 
correct throwing method Is shown In 
Fig. 2. If you are tai i ^ perhaps the 
method I use, shown in Flg*3, will 
produce better results. The object 
Is to swing It Over your head like 
a cowboy swings a lasso, and by re- 
leasing the string at the right mo- 
ment, get the pipe dose enough to 
the target to destroy It* 1 prefer 
to swing it along my side* For me, It 
gives better accuracy and mjre ranges 
but it Is a matter of personal pre- 
ference* 




15 second fuse 



Flg*2 

overhead throw 



side throw 




2-1/2 foot of string 



Fig. A shows the advantages of an 
airburst* When exploded In the air, 
the fragments and concussion can hit 
a man lying on the ground, where a 
groundburst would miss hlm.RENEMfiER, 
always get under protection when us- 
ing a pipe bomb* 

What kind of accuracy can you ex- 
pect with this launching systemTlwas 
able to hit a 2 foot square target 
after only a few practice throws at 
50 yards. 1 can only throw the same 
pipe bomb the normal way about 25 
yards. Some friends stopped by 
to see what 1 was doing managed to 
throw the inert pipe bomb about 100 
yards. Vour performance will vary 
under different conditions and will 
improve with practice* Use sahd In- 
stead of explosives for the filler 
when practicing. 
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SIMPLE RELOADING & Special Purpose Ammo 



By 

J* Richard Kbung 

fart I 

Introduction : 

Hdny rcdders wMI probably won- 
der If luterlal dealing with re- 
loading belongs in this magazine of 
Improvised weaponry. The answer Is 
yes. All firearms, either bought or 
made by you. need ammunition in one 
form or another, Many of you who have 
read Hel Tappan*s Survival 

Gi£s, probably realize that a time 
may come when we will need large 
quantities of ammunition, Many of 
tis, including me, cannot afford to 
purchase large quantities of ammu- 
nition for practice and to stockpile 
for when that time may come, If you 
run out, where will you buy atnno 
when a crisis is on? 

A five dollar Lyman manual, ten 
dollar Lee Loader, and powder, prl- 
tners, and bullets for a hundred 
rounds of ammo will all cost about 
the same as buying a hundred rounds 
of factory ammo. 

Beg in Tog Reloading ; 

Please, if you are going to im- 
provise ammunition for conventional 
firearms, buy or borrow a copy of 
Lyman Reloading Handbook for Rifle, 
Pistol, Shotshell and Muzzle Load- 
ing. The cost Is around $5. It Is 
not the cheapest, but It Is the 
best. You can get it from most gun- 
shops and sport i ng goods stores , 

Reloading i s no deep , dark 
secret. Jf you obey the rules It Is 
much safer than runn i ng a lawn mow- 
er , I have reloaded tens of thou- 
sands of rounds of conventional am- 
munition. ^It Is much -cheaper and 
better than factory ammo. I have 
also designed and loaded thousands 
of rounds of special purpose ammu- 
nition. I have yet to have an acci- 
dent. 

Never touch the powder or the 
face of the primer with your fin- 
gers. No matter how clean or dry 
they are, they still have enough 
body oil on them to ruin the primer 
and effect the powder. 

To store handmade ammunition 
more than one year, buy a small can 
of red Lacquer paint. With a small 
artist brush paint a coat of lac- 
quer around the primer and the bul- 
let where it goes into the case. 

Vour aifinunitlon Is now waterproofed 
just like military ammunition and 
wl 1 1 keep for years. 

1 have taught dozens of people 
how to reload in a few minutes. If 
you are interested then seek out a 
small gun shop in your area. Almost 
without exception the people are 



very helpful at these small shops. 
They sincerely try to help you 
solve any problems. Start out with 
a Lee Loader. They are complete ex- 
cept for a plastic mallet, cost a- 
round $10 and turn out very good 
ammo, although they are slow. 

Bench press equipment can make 
Jacketed bullets and change cart- 
ridge cases ftom one caliber to a- 
nother. A 30-06 case can be made 
Into 21 other different mMltary and 
commercial cartridges. Bench equip- 
ment Is 5-10 times faster at re- 
loading than Lee Loaders. 

How that you have read the book 
from Lyman and understand the basics 
of reloading and reading signs of 
pressure, you can start designing 
your own special purpose ammunition. 
Remember that small and targe pistol 
primers are the same size as small 
and large rifle primers. Pistol 
primers will show signs of pressure 
faster than rifle primers because 
the metal cap Is thinner and softer. 
Remember this when Improvising 
goodies using primers. Pistol pri- 
mers take much less Impact to set 
them off than rifle primers. Buy a 
box of shotgun primers at your gun 
shop. They cost about $1.50. They 
improvise into fantastic goodies 
that work by Impact, 

Unless you intend to commit 
suicide, your Inventions are less 
than useless If they get you killed 
inventing them. Read Lymans book be- 
fore tampering with or making any 
ammunition. Learn how to be safe. 
Test everything by remote control. 
Tic fishing line or stout string to 
the trigger. Tie or sandbag the 
firearm down. Stand behind a tree 
or something while Jerking the line. 
Stay alive. Examine the fired rounds 
for sign of too much pressure as de- 
scribed by Lyman, 

Part 1 1 
Bui lets ; 

How that you have learned the 
basics It Is time to get Into ex- 
perimenting with homemade bullets. 

To learn the basics of bullet 
making it is best at this point to 
buy a Lee Mold complete for about 
$10 or a set of Lyman blocks and 
handles, which in my opinion Is far 
better, for about $18. Some people 
prefer the Lee mold. R.C.B.S. and 
Ohas also make molds. The Instruc- 
tions with the molds are excellent. 

I molded excellent bullets for two 
years without the accessories. Use 
a large spoon to stir and pour the 
lead. Tape the handle or put wood 
on it because it gets very hot very 
fast. Use any old pan found in the 
kitchen to melt the lead In on the 
stove or use a wood fire. KEEP ALL 



WATER OR MOISTURE AWAY FROM THE MOLD 
AHD HOT LEAD. Water will cause the 
melted lead to explode. Scrounge 
lead from wheelwelghts at the gas 
station, sewer pipe Joints in 
houses being torn down, the lead 
sheath around telephone cable, and 
scraps of solder. Sometimes you can 
buy scrap lead from Junk dealers. 

The hardv^ra store sells lead in 5 
lb. blocks. I scrounged 225 Ihs* of 
lead from the last house that was 
torn down here. 

Stand the bullets you have cast 
in a shallow pan and pour melted 
bullet lube on them. Uhen the lube 
cools and hardens cut the bullets 
out of the lube by pressing a fired 
cartridge case down over the bullet. 
Punch the fired primer out first 
and use a stiff piece of wire to 
shove the bullet out of the case. 

The bullet shoots fair as Is but 
for better accuracy, get a Lee Lube 
and Size kit. The lubed and sized 
bullets shoots very accurately with 
a little playing around with the 
powder charge. Excellent bullet 
lube Is made by melting together 
a pound of parafin from the super- 
market with a can of S.T.P. Better 
tube is made from one pound of par- 
aflo melted with one grease gun 
cartridge of Lithium Grease from 
the auto parts store. The best lube 
is Alox 2138 I bought at the gun 
shop. A stick will lube hundreds of 
bul lets. 

How that you have loaded and shot 
a few hundred rounds of cheap ammo 
you can use blocks of plaster of 
parTs or something to make your own 
molds. Use a drill or knife or some- 
thing to drill holes In the plaster 
blocks. Pour the hot lead into the 
holes. 

Buckshot from the gunshop costs 
about75C a lb. in 5^1b, bags and 
makes excellent rifle and pistol 
bullets for small game and practice. 

A 30-06 case loaded with 2-1/2 
grains of Red Dot, Trap 100, or 
A 52 AA powder and a number 1 buck 
sounds, shoots, and kills exactly 
like a 22 long rifle, #1 buck weighs 
kO grains. A 22 short case holds 
about 2-1/2 grains of powder. You 
will get nearly 3 OOO rounds out of 
a pound of powder. 

There are: Works in: 

3^*0 M buck / lb,, .22,.2k3.6inm, 

300 n buck / lb., .257 or .25 cal. 
175 #1 buck /lb., 7mm to .30 cal. 

145 $0 buck / lb., 8mm S .32ca1, 

130 i^OO buck/ lb., .33 cal. 

too jfOOO buck/lb., 9mm, . 357, 38 cal. 

SO Ms cal buck/tb., .44 s .45 cal. 

A 22 short or 22 long rifle case 
full of powder Is about right for 
nearly all cartridges. Use a fast 
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shotgun powder. Use the buckshot es 
[s and press tt Jn flush with the 
mouth of the case. 

Wood dowel rods make good bullets 
for close range. Saw the dowel into 
bullet sited pieces. They tend to 
explode Inside the victim. Keep the 
the velocity down or they will ex^ 
plode in mid air. They seem to work 
best er pistol velocities of SOO'^ 
1600 feet per second. 

Plastics make rotten bullets. 
Forget them. Bolts with the heads 
cut off make good bullets In a pinch 
but will ruin the accuracy of a 
rifled barrel so use them only when 
nothing else can be found or In zip 
guns. 

You have probably heard of Dum- 
Dums. They are simply bullets with 
a deep ‘*X“ cut into the nosp. They 
blow frightful holes in people and 
animals. They only work If the bul- 
let is going faster than 1000 feet 
per second. Host pistol cartridges 
vtonU work. The lyman manual tells 
the velocity of factory cartridges. 
Hollow points seldom work below 
1000 feet per second also. 

Bullets with a copper or brass 
jacket ^are easy to make. Copper 
tubing and fired 22 rimflre cases 
make good Jackets, You can also buy 
Jackets. Even If you buy the Jack- 
ets the bullets still cost less than 
one third of what bought bullets 
cost and are as good or better. 

Dave Corbin is the best expert to 
consult here. Send $S to Corbin 
Manufacturing and Supply, Box 758, 
Phoenix, Oregon 97535 for their 
Bullet Swedge Manual and Catalog. 
Their manual tells It in plain lan- 
guage how to begin. 

Now that you have done some re- 
loading for your rifle, pistol, or 
shotgun, you can start dreaming up 
your own special purpose loads with 
a reasonable amount of safety. 

An excellent Velex type special 
purpose round can be made by dril- 
ling a 7/32 inch or number 2 drill 
bit hole in the nose of a ,30 cal. 
or larger bullet, Pull the bullet 
from a 22 rimflre cartridge. Press 
the 22 case, powder and all. Into 
the nose of the bullet until the 
rim of the case touches the bullet, 

A 22 short works best and Is a must 
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for short pistol bullets but a 22 
long rifle will work In long bul- 
lets. For a bigger bang put some 
more explosive In the 2? case. Be 
careful of the explosive that you 
use. Sensitive explosives may go 
off In the barrel of the gun. The 
four that i like are nitrocellulose, 
picric acid, blank powder from 
noise making cartridges, and pistol 
smokeless or bleck gun powder. 

Never use blank powder for any re- 
loading, It is the fastest burning 
gunpowder by far and even the 
lightest bullet may raise pressure 
high enough to blow up the gun. The 
Velex type bullet will explode on 
Impact yet Is safe enough to carry. 

An excellent armor piercing 
round Is made as follows: ,22 cal. 

- 3/16^’ drill rod, ,30 cal,-l/V 
drill rod. 6mm * 1/4". 9mm and 
38 cal,- S/16" drill rod, ,44 &.45 
cal,- 3/8" drill rod. Buy hardened 
drill rod from a welder or machine 
shop In the correct diameter. It 
Is very hard, Nick the rod with a 
triangle file and hold the end in 
a pair of pliers or vise and snap 
the rod off like breaking a piece 
of glass. This stuff Is too hard 
to file and will rapidly dull a 
file while trying to nick ft. Cut- 
ting It with a cold chisel Is also 
difficult. If you have a bench 
grinder carefully grind a point 
on the rod before snapping off the 
piece. Don't get the rod hot or 
you will soften it. Dip it in 
water often and work slow. Grind 
the point quite sharp with about 
a 45* angle to it. This works much 
much better than leaving the front 
flat, but you cannot file It, so 
if you don't have a grinder, 
tough luck, 

Fart ML 
Powder Charges r 

Currently. there are over 50 
different smokeless powders on the 
market, included here Is a list of 
42 powders that I have experimented 
with and arranged in their approx- 
imate burning order from fast at 
the top to slow at the bottom. 

This list is only correct by my 
experiences so a few powders may 
be slightly out of place. 

Find the section In the Lymen 
manual running from ,30 carbine 
to .300 magnum, Notice that the 
larger the cartridge case, the 
slower the powder that works best. 
Notice also that the heavier the 
bullet in a particular case, the 
slower the powder that works best. 
.243 Win., .308 Win,, and .358 Win, 
all use the same cartridge case. 
Notice thet the larger the caliber 
the heavier the bullet or faster 
the powder that works besti That 
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Is why 12 gauge shotgun which is 
.70 caliber, takes a very fast 
powder. 2-3^*' IS very short for a 
.70 cal bore. So, the larger the 
case for a given caliber, the 
slower the powder. The heavier the 
bullet, the slower the powder. 

The powder chart can be used 
for powder substitution. Say you 
have load data for IHA-4895 but 
you want to use the much cheaper 
H-335. H-335 is faster than IMR- 
4895 so you must reduce the pow- 
der charge. Most manuals will list 
the very popular t HR-3031, It is 
faster than H-335» so use the same 
weight of H-335 and work the load 
up slowly to safe limits as de- 
scribed In the Lyman manual, When 
substituting a faster powder, de- 
crease the weight of the powder. 
When substituting a slower powder, 
Increase the powder weight. 

So much for exper Iment Ing with 
factory smokeless powder. How a- 
bout making your own. You have to 
be a genius to make smokeless pow- 
der, If you want to try It, read 
Chemistry of Powder and Explosives 
and Gunpowder In Britannica Ency- 
clopedia, Black Gunpowder is safe 
to use in all modern cartridges 
and most improvised cartridges, 
Black powder Is easy to make. Many 
formulas are given in PKJB and 
the Britannica Encyclopedla.Black 
powder is very dangerous to make. 
The slightest Static or metallic 
spark and BOOH , 

Match heads and match head com- 
positions make good gunpowder. 

(rush the heads if you want them 
to burn faster. Most firecracker 
compositions work fine. Some can- 
non cracker compositions are very 
fast so be careful. Flash cracker 
compositions are also fast. Nearly 
any mixture that burns violently 
without detonating will work. 
Anything that detonates like ful- 
minates and high explosives will 
certainly blow up the gun. 



FAST BURNING 

Blank Powder 
Hercules Bullseye 
Hodgdon HP- 38 
Dupont Unique 
Dupont P 8 
Hercules Red Dot 
Hodgdon Trap- 100 
Winchester 452AA 
Winchester 473AA 
Dupont SR7625 
Dupont SR4756 
Alcan AL5 
Hodgdon HS-6 
Winchester 540 
Winchester 571 
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Kodgdon HS-7 
Hercules #2400 
Uinchester 296 
Hodgdon H-llQ 
Hodgdon K-4Z27 
Dupont IMR-4227 
Norma N-200 
Hodgdon H-4198 
Dupont IMR-4198 
Dupont IHR-303I 
Norma N-201 
Norma N-203 
Dupont IHR-4064 
Hodgdon 6L-C(2) 



Hodgdon H-335 
Hodgdon K-4895 
Dupont I HR-4895 
Hodgdon H-380 
Hodgdon H-414 
Dupont IHR-4350 
Norma N-204 
Hodgdon H-4S0 
Hodgdon H-4831 
Dupont IMR-4831 
Norma N-20S 
Hodgdon H-570 
Hodgdon H-870 

SLOW BURNING 

♦ 



Editor's Note: 

Vslet Aimo Co, Is now 
selling Mercury filled 
exploding bullets, See 
Issue #3,pg, 36 for address. 



MINE DETONATOR 

BY FRED B. 



Suppi les 

l-ple« of hardwood jsbout lVW*x3/4" 
l-plece of hardwood, sbout 2'*x 
l-str1p of tension steel, about 3"xr* 
The Bates KFG, Co, of Orange, KJ 
makes a steal ruler that wM 1 do^The 
stock # \s BNR-12* It can l>e bought 
t n most stores , 

1-roof Ing nal I 

l-nel 1 about 1*' long 

String 

wood screws 
I -but let 

1. Orlll 4 small holes at the bot- 
tom of the tension steel* Drill 2 of 
them 3/8" from the bottom and the 
other 2 3/^" from the bottom. If you 
are using the ruler there will be no 
problem. 

Z. Snip all but H" off the roofing 
nail, and file It to a point. Solder 
or glue It V’ from the top of the 
tension steel. This Is the firing 
pin. See fig, 1 , 

3- Cut and drill the IV piece of 
wood as illustrated In fig, 2. Secure 
the string to it. This Is the trigger. 

4, Drill a 3/4" hole through the 
center of the other piece of wood* 

File V grooves in the front and rear 
of the hole. Then using the t" nail 
as an axle/pivot, hammer It into the 
Side until the point Just pokes 



through the hole. Place the trigger 
into the hole and hammer the nail 
through the hole In the trigger. It 
should easily rock back and forth at 
least 30" each way, 

5* Screw the firing pin to the 
front of the block. 



FIG. 2 - TRIGGER 




St r 1 ng 









Hole 

Hote:The bullet should be slanted 
downward with a 1" netal tube ex- 
tending from it, blocked at the end 
with paper, so that the flash sets 
the charge off at the bottom nlddla. 
Batter yet, put the detonator below 
the charge so the bullet rests at 
the bottom* 

Pistol Cartridge 



Holes 



To utilize this device, remove the 
business end from the bullet and put 
a small wad of paper In the cartridge 
to keep the powder In* Then Insert 
the cartridge Into the explosive, 
align the firing pin so It wM I strike 
the primer, and sat the mechanism, To 
detonate, pull the btrlng. 




DET6NAT0R 



HIHE 
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CAP CHUR SUNS 



BY CLYDE BARROW 



QflP-C HUR ACCESSORIES 



The following material is reprinted 
from the 1976-1977 Nascp Farm and 
Ranch Catalog. 

The system* including guns* blanks* 
charges, darts and sedatives, is in- 
tended for use In subduing or medl^ 
eating both wild and domestic ani- 
mals. Other possible uses are left 
to your imagination. 

All three guns appear to be over- 
priced and future issues will deal 




with converting an air pistol to fire 
Cap Chur darts. The darts and Cap 
Chur charges are both good buys for 
the price, are well made and can be 
used as the basis of several types 
of Improvised systems. More specific 
Info on this in a later Issue. 

Note: Gun #3 appears to be a 28 
gauge H A R shotgun. The adapter, 
part I C4425N, is basically a shell 
shrinker* (28 gauge to 22LR). The 
front carries a screw on extension 

ap-Chur Charge 
(actual siz^ 






^black 

powder 



primer 



spring \ 
brass case' 

1 Cap-Chur Charg7 



primer 

spring 



5 



CAP-CHUt ACCCSSOMltS 
AND nPLACEMfNT PARTS 

nUWCEf twin CANT 

Far liAricdWon of mblter plurftor of ^Yrin^. 

C1W1N Ptt tube. * - 



EXTRA ftlSH tow AND RDSITIONEl 
Far ptrpirlrti $*i. wt. 1 oi^ 

ciim 



HEAVT DUTY VINYL CUN CAM 

Fits either powder ftted or pneumatic rifle. Sb. wL 1 lbs- 
C112JN 

ViNYL CAM 

For pistol. Sh. wt. M lb. 

CM4N 



EXTRA ADATTER FOR rOWOER FIRED GUN 
C4FZSN 



.FM.IS 



STHNGE FAtn 

NEEDLES 

W needle noriuUtr used twi dOfBj l" to normiMy used do ciltlfn detf. etc. 



C4233N needle 


BARBED NEEDLES 
C4333N M/«" needle 


C42MN 1«" needle 

»3.0* 


C«74N X" needle 
C4S75N r' iKfille 


PLAIN needles 
C 4X23N M/B" needle 


C4ZI3N needle 

C4224N IV' needle 

43.il 


CtZZTN M/S" needle 
C41ZIN lw" needle 


COLLARED NEEDLES 
C4Z»N W needle 


C43TBN 114" needle 
M.H 


needles for large thick skinned anImals 

CN44N IV' needle CSI45N 114'' i>eed1e 


CM4IN IK" needle 
43. II 


EXTRA IDMER TLUNCER 

Fils any of the syringe 9 ife$. 
C4l»N 




41. II 


SARinS 

C4Z3SN ILC 

CSiRBN 2cc 

C4X3SN Icc 

ClRO^N 4cc 


%t C4aa&AN Srr 


tjM 


! 1.SS CbllBN 7cc 

1.M C4U7N lOtf 

. , . , T.ld C4237AN ISrc 




2.45 




TAIL hECE 

FI 1 » tny siie Cap-Chur syringe ■ 

C41MN 


IJ.M 



that holds the darts away from the 
flash of the blank, thus preventing 
burnt tall feathers. Every item 
listed 1$ available by mail from 
either of the two Masco stores. 

Note: The Cap Chur charges contain 
black powder and cannot be mailed 
parcel post. Catalog 50#. 

Kasco; 901 Janesville Ava, Fort 
Atkinson, WIS. 53638 or P.O.Box 
3837 Princeton Ave., Modesto, 

CALIF. 95352. 



Needle 



il I 



Cap-Chur Charge 

^1 




S 
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CAr<HUI HtUINIEMT 

j 1*’* '?*^*'* system for immobitizing et medicating vdid or domeetic animate. A eateiitad method lOr injecting any 

fluid drug into an animai from distances up to 80 yards - safely, accurately and ihstantenewsly. Tta dyug we offw Is fw tlw 
purpose of immobiiizing an animal for easy capture or handling, but any liquid medicine or drug rirnswimiiliil by your voterl- 
nartan may be used with this equipment. 



The weapons propel a unique paterftmi syringe which carries the drug. On impact with the animal, a smell iKplesIvc 



—J u lt'i* ‘S *»";8 W'th success, throughout the world, on both wild and doewetlc enlewle. Drmtic 

and highly publicized uses tend to overshadow the fact that ll is an indispensable everyday woriSMt to dbiMSHni^ 
stock producers, police departments, veterinarians, wildlife managers, bioii^ists and zooiM^iwt. .* eomesnc iive- 



Three types of pro(ectprs are available: a long range projector fired by a powder charge quite similar tb a conventional 
firearm, but with wecial adaption to handle the syringe; a long range pneumatic powered (CO*) projector and a shon range 
pneumatic powered pistol type projector* * 



PtOJiCTOtS 



LONG RANGE PROJECTOR - RIFLE TYPE (CO, powtnd) 

1 . Specially designed pneumatic rifle that fires patented Cap*Chur 
syringe* The 2 small COj cylinders inserted inld the rifle will dis* 
charge the rifle approximately 10 times* 

Can be successfully used at distances up to about T5 yards, but 
most effective at 25 to 30 yard range. 

The lower velocity of this unit minimizes danger of injury to an- 
imals resulting from the physical impact of the syringe* Bolt Action. 
Specially designed barrel* Sh. wt* S14 lbs. 

C13WN *1180*00 

» SHORT RANGE PROJ ECTOR - PISTOL TYPE (CO, pPwmd) 
i A specially designed pistol powered by CO, gas. Effective range 
up to about 40 feet. Approximately 25 shots per CO, cyliitder* Well 
balanced* Easy to load. Convenient to use* Sh* wt. 254 lbs. 

C1220N *125*00 



. OTRA LONG RANGE PROJECTOR ^UFUTVri (Powder find) 

0. Has the look aivJ-feel of a conventional sportini weapon. Files 
any'One of 3 special .22 caliber blank powder loads depeikdlni upon 
the range desired* The syringe is loaded at the breech and the nwtal 
adapter which hotds the btank cartridge Is inserted behii^ it* May be 
used at ranges from 10 to 60 yds. See descrIpHon of .22 blank pmvder 
loads for ranges each will provide* 



Care must be exercised to be sure the proper load is used for 
the range desired* The use of the heavy loads at very sttbrt ranges inay 
cause impact damage to thin skinned or light muscted animals. Sh. wt* 
S lbs. 



C4240N Sl75*0i 




SOL - IMMOMUZINC DtUC 

Cip-Chur Sol It the WOsr npJd dclinc minfajUiftr iviiliblt* Toltl Ihm* 
bifiittion ututlly octvn in fmn 2 to itt mmirin* DltiiKis and lad of vltual 
coonHiuiion Hy occut tn it thoii t time at 30 secondt » that Ike anliul wtll 
rtOrniUy noi move far after injeclion. Vest resuht are usuatty oktiidid hy inl^ 
Ilia the JnjecHoq m tlW nucariar area of the htaitqiiarters on larttr anfmiN* The 
d0sag« iHeicrtbnl are for lAiramusciitar of IntrapdilDMal Injection. 

Cap*Chur Sol contalhi nicotine athaloki* and li a polion* It J» dnlmad 
for rntranuotular mjeciioe end akould no< be adaitnietered orally* 

“ EXTSEME CAUTION SHOULD BE EXitOStD TO AVOID INJK- 
TION Oft SVIALLCWINC fT HUMAN BEJHCS. toad UiimicHoiH uiefiMy* 

The aopfntiaata tomct doufe ehouU be adgUaitlarHl to u utoal al 
oiw t^me. 0«e Injection of Cao-Chw Sol tendi 10 loduct a reoliiinco to a tec* 
ond fJvth very shortly after, or In toM caici the aecoiid aiiy \ndua i faiil 
reacUnn. 4a houn ikMld Idotc befort a lecond ln>ectlon* 

Anl(niia„ jist aa himns, vary In ibeir nacilm to any drat* CMMqtHtly. 
caution iBuil aNAy( be eaerclsad* 

«*-.*^* **? ^ coeconUiilorB io lenao pf wm- 

^ ■"d tkta l« then relitad to Ur wtlibt of aabaala to ba 

t i * ■■l■■l» tocb aa dwi, Md See oa cattle 

and other fartn iniaHN. 

Clao-.CIwr Sol ii effective on atiRl antinals. botb wild and doMtlic. How> 
ever, it sUqulP NOT H USED ON HOCS 01 CATS* 

The foUewIni CajhChur Sol doutat are offered as ■ Hotral laWe for na 



CAf <HUfl SOL - m CATni AND LARGg ANiIttAU 
3Aec bottlei > Sh* wi, 4 m. * WJECTION Sec POSE 
C1344AN I45mv per cc - fw 3M lb. OSb Uioi) aXmal* * * 
C1144tN UOiai per cc *. for 44b tb. (300 hllotl aNaialt . . 
C1144CN ZTSiif per cc > fpt SW lb. (24f ktlo^ ujiiiali *. 
C1M4DN jJOen per cc - ter ««0 lb. (It* bilpc) inlBali . . 
G1344EN per cc ** ter 776 Ih. (S« bil«) OiMniall . * 
Ciaaorn 4^ per cc - tee app lb* CJtt klUn} aafaiila * . 
C1344CM 4«9fli| per cc - ter lb* (44* kU») aNaiali . . 
CU44HN S50ri per cc - lor 1100 lb* (40* kUot) aolBali - 
C1I44JN 405mt per ce - ter 1210 lb. (S4* ktloi) aiUiuli . 
C12440N ttOai p«r cc - ter 1320 lb, (SM kUo«5 inliaata . 
CU44MN TTItof per cc - ter 1S40 lb, (*«> biloi) aainatti . 
CAPwCflUX SOL - FO« DOCS AND SMAU ANtUALS 
30cc bPtttH - Sh, hd, 4 01 , - iKfECT Ice DOSE 
Ci245Air soiiif par cc - teriO lb. (S,S bUMiaMtoali , 
CU49IN 45iai per cc - ter IS lb, (S J IUIm) anliiate . . , , 
Cl24fCN coni per cc - ter 10 lb, (* Jt ktlw) ahteute , . , , 
C114S0N 75atiptrcC -ter 25 1b, (t1,| kttetl 4*liiitl< .*, 
CU4SFNt0iBtp«rcc-terMlb. (1S.«lttl«D4niiiitli ,,, 
CH45HN iZtoitptrcc - ter 40 lb, (11,1 kiln) 4 «teiala .. 
Cl245»Nl50iatptrcc-ter50lb. (21.4btlin|4iUMiti *, 
C124Hmi*5MP«CC-terMlb. <27.2htte*)Uteiite ,, 
CU45MN24ltotP4rcc-teta0lb. <31.3 kiln) Mbpili ** 
Cl241NN2ttocP4tCC-lar*5lb.<43.T Nl 0 *)tiiiMilf .* 



POOR MAN'S JAMES BOND Vpl . 2 



87 



THE POOR MAN'S ARMORER 



m ft» which w« do mt ktit tPKHIc coimirinnMi for ififytnt body 

weiihtt, 

DftUie hi nitlittva* per pound ol body wfiiht: 

pot*,.. 

Cftitk * 1 Mi 2 Colts 2 t" * 

D«r 

Thar* ii (w intWott Jof C«-Chw Sol; honovor, hydnconitOM 
Acotile w b* oHd 4o nlicv* *Oat* «f ih* ibock and itr»i nitfltlni 
kiom an injccllon. Th* roci—odid applIcaMwi i* SO loMnirM** xr 
fM khi. ol body wolibt. 

Undcf cariafn cIkwosihcx ao animal may b* adntHky afr 
ffcitd by (be C«p*Cbm tel dnf. ii ih«t bo rtmtHbcfcd ihat tte ad* 
■InkiltatiBft of any drnc c» bo danfcnoa, fft arimal* or 

bonan xcaoloHlIy iteci xfonttely M moot a«y tel In 
at there li Ik Ian danpk aX ilteti m ibi airimat, Ittt cut Hd 
leu du|k 10 Ibe «p«fiiir wHb ihe a*« Caa-Cbw coolpmebt iha* 

■■V iqm ol mcdwHical rpibaint udi » npin«. 



CAf-CHUh SOL - STOOt SOLUTiONS 
3dcc boitla - Sh. wt, 4 «* _ 

OtllNlOdnpPkCC «!• CM«N 

CU12N 20g^ PH cc 4.g 

CUUN SonS Eh cc S^ Cd«17N 

ail4N 400n|EHCC CtettN 



percc » rM 

PH CC **• 

PHCC 

( PH CC » IM 



biOMOiia iwrowu smHCE NCiw ^ 

Made Df^lypropytoiK, a nantoilc pliiMc, coo^aHUe with ill known mod* 
lea t ions, SiffM# Mon^Kt n««dl« and lyrlnirs an «ady lot uie wwbera, and 
tan be autoclaved In IheM tealod polypropylene conialnen.CipacUy 3cc.Cio|c 
A leoith 20 I 1". Cnduation 1/iOcc. Minimi, 

C4114NRH IPO <1* « 

TUlfOCUUtf SVttNGC ^ 

Diamiable Icc syringe wlih S/P'" needle ti exceNcni fn maiiurini eteci 
proportions to po< !■ Cip-Cter (yr*n|«* feituies 1/lMlh ec |nduitiOns. 
Cte02N*S«VTI?H 



All CipdNr cqiilanMt md tuppitft are avAilible for iianriiHe skipMi inm napcv. tw vam mi r wv- 
cef Md wItiMiit fcUy* 

Oik itMfr It mpcrifMxd tn tW um «( Alt equipMM uA it Wlc to aniwer yaia queitioM. SInply call the aaar- 
Hi Nttcii offlct if r«M nfcd assittancf. 

MASCO Fart AtUntoii, Wlicoatin 414 5U-1446 NASCO-WSI Modetia, California J09 52MK7 

Prices quoted here are from 1977 and are undoubtedly much higher now. 
Unless you are affiliated with your police department or a close 
friend of your local veterinarian, you might have trouble getting these 
materials. I suggest you call one of the above numbers and claim to be 
your area's poundmaster. When you call, you might say something 
this: "Hello. I'm (your name) the poundmaster for (your town) and we're 
having trouble with dog packs. Some are homeless and pretty wild and 
some are pets. We can't get close enough to use the noose and we don't 
want to shoot them. Our local vet referred you to me and I’d like a 
brochure on your line of capture darts and equipment". The firm will 
send you a brochure and you can order with no trouble . Of course , don ' t ' 
say exactly what I've w ritten but put it in your own words . ^ 

FRICTION DETONATOR by fred bilello 

Sir heavy paper grocery beg striXers here 

Step 1; / 

Hake a giant match by taking } Step 3 / 

4tick matches and put all but i/2" Lay the match on the paper, with t£ 

of the wood off. Tie them together the match head being about lA" a- 
with a long string, wrap scotch tape bove the striker. Then roll the 

•round It, and set It aside. Then whole thing Into a tube and glue L vr/yyjyyA 

pick the white heads off of about 23 it closed. The tube should be tight 

stick matches and put them in a* enough to hold the match in place, ^ 

glass ashtray. Add a couple of drops but not tight enough to grip the . ^ ^ ® ® 

of water and lightly mash them with match. When you pull the string, the □aHy'letonated ^les* liryo^rr"' 

• Spoon. Pack this paste around the match wM 1 slide over the striker, ^ , , . ' ^ 

J n^hes and set tl« arrangement on Ignite, and send a violent Jet of ^ L ^ 

he ashtray like a cigarette, turn- flame out of the tube. Your cost is ^ ” - 

ing it occasIonally.lt will dry hard. about Jc. 

GIANT MATCH 

Cut 3 pieces of the striker Into / 

3M" strips and peel 'as much of the ^ ^ ^ 

paper off the back as ypu can. Then contact point 

cut a length of paper from the bag " ^ ^ 

•bout 2 1/2" long and 6*' wide. Glue 
the strikers, side by side. In 'the 

middle of the 2 1/2" side of the Cutaway view of friction detonator 

per , starting at one side. ( used to detonate flying botnbs ) 



frpm NaMO. Vour ofders will be pre- 



BY FRED BILELLO 



Step 3 

Lay the match on the paper, with 
the match head being about 1A" a- 
bove the striker. Then roll the 
whole thing Into a tube and glue 
It closed. The tube should be tight 
enough to hold the march In place, 
but not tight enough to grip the 
match. When you pull the string, the 
match will slide over the striker. 
Ignite, and send a violent Jet of 
flame out of the tube. Your cost Is 
about 3c. 



This detonator should be Inserted 
In a metal tube and is used in man- 
ually detonated mines. If you re- 
verse the match position and length* 
en the sticks. It can be used to 
explode flying bombs. ^ 



contact point 



Cutaway view of friction detonator 
fused to detonate flying bombs} 
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L A DART CATAPULT 

® "'A BY CLYDE BARROW 





FIGURE B 



The Dart Catapult was conceived 
by the Allied Special Services dur* 
ing World War II < The weapon was In- 
tended for clandestine use and was 
produced in several models. The 
larger rifle sized units featured a 
folding stock mechanism based on the 
German MP-40 SMG stock. 

The dart catapult concept is a 
compromise between the easily con- 
structed but inefficient rubber pow- 
ered speargun and the power and ac- 
curacy of the bulky traditional 
crossbow. The use of a triangular 
baseplate in place of the original 
prod (bow) will reduce the overall 
width by 1/3 to 1/2. The easily re- 
placed rubbers eliminate the need 
for building and maintaining a com- 
plex and expensive recurve bow. 

Figure A shows an IMP Crossbow 
Pistol that has been modified to ac- 
cept rubbers and a triangular base- 
plate. (see IMP article page 95, this 
issue. ) 

Figure B is a set of full size 
plans for a home built dart cata- 
pult. The frame design and scale are 
based on the IMP, but the measure- 
ments are easily modified for build- 
ing larger versions. The frame is 
fabricated from aluminum or brass 
flat stock. 

The rubber power unit may be made 
up from surgical tubing, slingshot 
replacement rubbers or jumbo rubber 
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INDEX 



Bazooka, homemade 53 
Blinder 19 
Bolas 19 
Bomb, CO 2 8 

Bombs, mortar 21, plastic 24 
Booby traps, 23, 78 
Bow 1 6 

Briefcase weapon 10, 55, 60 
Bugging 7 

Bullet , exploding 62 
Bulletproof 15 
Caltrops 44 

Cannon, fireball 26, gas 54 
Cap weapon 47 
Cartridges 44 
Chlorine 24 
Crossbow 22, 76 

Darts, capture 85, catapault 88 
Detonators 38, friction 87 
Dividers 25 
Dynamite , stor ing 30 
Explosive charge 21 
F irebombs, 14, 30 
Flare gun conversion 67 
Flash powders 42 
Grenades 29 , smoke/gas 43 , 
launcher 81 
Gun, zip 24 

Hydrochloric acid generator 30 



Knives 17, from files 77, 
throwing 46 
Lathe 6 

Launcher, rocket 25, grenade 81 
Machine pistols 74 
Magazine as weapon 20 
Measuring 26 
Metal, to blacken 8 
Mine, claymore 40, contact 78, 
detonator 84 , pi acing 77 
Missle, homemade 48 
Mortars 18, 24 
Ninja tools 20 
Nunchaku 8 
Pistol, plastic 37 

Powder, explode with electricity 6 
Reloading 82 

Scissors, small weapon 14 
Scope mount 60, 62 
Shotgun, slug 36, special ammo 27, 
water pipe 47 

Silencers 10, 11, 14, 22, 33, 41, 
57, 58, 63, end cap 35 
Speargun , legal 
Spearguns 31 
Submachineguns 64-, 72 
Switches 9 
Targets 6, 28 
Vice, hand 62 
Wire drawing 21 
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Edvard L. Allen's system of Jiu-Jitsu [Nov knovn as Judo) is 
one of the oldest and rtiost basic of the martial arts. This 
course is the siinple,st, designed for the ranK amateur with no 
previous experience in any sort of combat. It vas taught in this 
manner to America's service men. The idea, from the Army’s point 
of view, vas to train them fast and get them to the front. It ob- 
viously vorRed, as many reports came back from the Pacific that 
in hand-to-hand encounters vith the Japanese, the good big man 
vas better than the good little man. 

As vas necessary in those days, this course is without frills 
or ceremony. Just get in there and take the man out as quickly 
as possible. And this is vhat you want, at least to start with. 
When the moves in this basic course are mastered, you can han- 
dle just about any situation which might put you at fisk. Later, 
if you want to go professional, you will find it much easier to 
adapt to any of the more complex martial arts. 

I would suggest, at first, you make an agreement with a friend 
to spend at least two hours a day in practice for one month. This 
is all the time it should take you both to master this course - 
Then, you and your partner will be proficient enough to start a 
school. There is a pressing need for this course among all clas- 
ses of our population. Most people who feel a need to protect 
themselves from muggers and such simply don’t have the time or 
the inclination to go higher. This is your market. 
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AMIRICAN JIU-JITSU 

For 20 years I have studied and taught Jiu-Jitsu. My students have been city 
and state policemen, business men, soldiers, housewives, college students, 
penitentiary guards, private and indgstriol policemen, Y.M.C.A, classes and 
householders. Sixteen year old boys and girls and sixty-ftve yeor old men 
and women; two hundred and fifty pounders and ninety pound lightweights 
have gained poise and confidence by acquiring the knowledge and skill of 
Jiu-Jitsu. 

Whether the art originated, as some historians repeat, with ancient Chinese 
Monks forbidden to carry weapons, or, as more popularly believed, with the 
physically inferior Japanese as a means of overcoming their natural handicap 
in bodily encounters, it has long been recognized as a potent method of attack 
and defense. 

In this book 1 teach you how to master the fundamental principles of Jiu-Jitsu 
and to acquire a variety of attacks and counter-attacks. I have chosen lessons 
easily understood and learned but which cover situations some of which are 
all too apt to occur within the experience of any or all of us. You can master 
these numbers! 

A person with a knowledge of Jiu-Jitsu has the one ignorant of its mysteries 
almost completely at his mercy. There is a method of Jiu-Jitsu defense for 
every attack and a Jiu-Jitsu attack for every occasion. The size of the person 
attacking has little bearing on the outcome; the Jiu-Jitsu operator knows that 
the bigger they come the harder they fait. 

Regardless of your weight and size you will be able to hondle anyone not 
familiar with Jiu-Jitsu practices. Sometimes spoken of as the “gentle ort“, 
it is as gentle or as punishing as you core to make it or os the occasion de- 
mands. I hope that you will never have occasion to use one of the defenses 
seriously. You may, however, someday even save your life by applying 
one of the lessons of this book. The confidence that knowledge of this skill 
gives you will in itself carry you through situations which otherwise might be 
dangerous or embarossing. 

As you study the lessons In this book please do not use your new power 
carelessly. Please remember thot Jiu-Jitsu is not a game or sport, it is a serious 
weapon which gives to you, as its possessor, an immense advantage in 
physical encounters. Be considerate of your partner with whom you practice. 
When he Indicates that you are hurting him relax or releose your grip for, 
although you may be using but the fingers of one hand, a little pressure 
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skillfullY oppHed cem cause intense pain. 



kr 

iUN DIAL tRISS 
CaprHgM I<H1 
ALLAN J. HAU 
KOOMFieiD HlUSp MICH. 



EDWARD L. ALLEN 



Since Mr> Edward Allen began teaching Jiu-Jitsu twenty years ago he has 
taught thousands of law enforcement officers and law abiding citizens. He 
gives private lessons to single pupils and class lessons to hundreds. He teaches 
business men interested in Jiu-Jitsu as a means of keeping order in their e^b- 
lishments and officers eager to have this additional weopon at their commond. 
Housewives making certain that they can repel possible intruders In their 
homes and soldiers preparing for foreign duty have learned Jiu-Jitsu from him. 

He has instructed Y.M.C.A. classes in numerous cities^ police and highway 
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patrof officers in Pittsburgh, Detroit, and smaller cities, prison guards td the 
Ohio State Penitentiary, industrial guards of various Jorge corporations, classes 
at the University of Michigan, many groups of business men and couiriless 
individuals. 

Edward Allen, whose home is Akron, Ohio, gives many thrilling exhibitions 
every year to organizations interested in this ancient science. He has at his 
cornmand more than two hundred different Jiu-Jitsu attacks and counterattacks 
which he demonstrofes against any who will oppose hirn. 

The success of his leaching efforts is attested by the many reports in mefro^ 
politan newspapers of incidents in which his students successfully used Ikeir 
Jiu-Jitsu to subdue unruly persons and even, on several occasions, to save Ibes. 

Jiu-Jitsu is a system of self-defense and attack which consists of o series of 
holds, locks, and blows applied to various poHs of an opponents^ body in 
such manner that the strength and weight of the opponent, as weil as that of 
the operator, is utilized so that additional movement or pressure will tend to 
dislocate a |oint, break a bone/ or otherwise cause the victim increasing pain. 

The joints of the body have a distinctly limited movement. Any forced 
extension of this movement or pressure in q direction contrary to the normal 
motion means^pain and danger to the joint or bone. Bend one of your fingers 
shorply backward. You won't bend it far before the pain becomes intense. 
That's all there is to Jiu-Jitsu. It consists of a well thought out system for 
applying such pressures and blows to your opponent. Pressure he attempts 
to apply to release himself only serves to moke the poinful grip more severe. 
Hence there is seldom much struggling against a lock properly applied. 

Jiu-Jitsu experts depend upon three focfors in subduing their assailants. 
The first one is '^misdirection". Mislead your man as to your intentions. Do not 
let him anticipate your attack. The second is “off balance”. Act quickly to 
catch and keep your opponent off balance. He'll help to throw himself if you do. 
it is just os important also that you keep your own balance at all times. The 
third factor is “leverage". Leverage makes it easily possible for a Jiu-Jitsu 
operator to subdue and hold an adversary twice his own size and strength. 

In the lessons following I will point out the specific applications of each of 
these principles. 



The two charts on the next page indicote the position of a number of the nerve 
centers of the body. Sharp pressure on any of these spots, if located accurately. 
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will cause very acute pain. The pain is usually so sharp as to temporarily 
numb or paraltze, and thus make entirely useless, the area involved. Using 
the knuckle of your second finger, as shown in the lower picture on page 4, 
give a very firm, very quick twist onto the exact nerve spot. The effect on your 
opponent is almost ludicrous in his violent and instantaneous reaction. 

As these nerve centers are so important in this work you should spend the 
necessary time in becoming familiar with their exact location. With your 
knuckle search out each pressure point on yourself. One or two experiments 
will convince you thot applying pressure to these nerve centers brings a very 
quick response. Practice locating them quickly. 




It is impossible to fist, cotogoricolly, the mony situations in which q knowl- 
edge of these pressure points would corne in handy. Almost any encounter 
would furnish opportunity for a little work on one of these spots, for instance 

shorp pressure on the spot shown between the second and third finger close to 
the second finger will open the grip of the strongest mon — at once. Actually 
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he wifi probably be so startled and hurt thot you will have an easy opening 
to finish hitn off with any Jiu-Jitsu number you may choose. Another instance 
might be when the opportunity orose to deliver a short, sharp blow with the 
knife part of the hand to the spot where the upper lip joins the cartilage of the 
nose. Such a blow, properly delivered, is often enough to end all hostilities 
right at that point. 

Be sure of the location of these nerve centers and you have, in that informa- 
tion alone, a verv ootent nrotectian. ^ 



In Jiu~J]tsu we never use the fist. The knife part of the hand, as shown here, 
is used for all blows. As a Jiu-Jitsu operator you will have a definite location 
at which ony blow Is aimed and, using this *‘knife blow" you can attain that 
location accurately. 

In exerting pressure on the nerve centers make a wedge of your hand as shown 
below. The second finger is thus in a position to bore into the nerve with con- 
siderable sharpness and accuracy. There is no bending tendency as there 
could be if you were to use your thumb or a straight fi nger 



POOR MAN'S JAMES BOND Vol . 2 



97 



AMERICAN JIU-JITSU 




Th is is the perfect defense position rn Jiu-Jitsu. Stand with your feet apart, one 
four or five inches aheod of the other Thus you nnay rock forward, backward 
or to either side without seriously disturbing your balance. A slight crouch 
will oilow you to rise somewhat or sink further. Your arms in this position are 
ready to strike to either side. Of course you moy in actual use not have time 
to completely assume this position but if you practice it you will in an emer- 
gency tend to automatically hold yourself this way in the face of an approach- 
ing troublemaker. 
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This ii Ihe correct grip. Hold the garment 
only^ no^ the arm 



Holding the arm it&eLF way very 
inelfeEtive 



It i* emy to break oway when held like this 



fn even such a seemingly simple operation 
as securely holding a person by the arm 
there are, in Jiu-Jitsu, wrong ways and one 
right way. When you grasp someone by 
the arm as a preliminary to throwing them 
or making them go with you your first 
grasp must hold—if they are able to jerk 
their arm away your advantage has gone 
or at least has been materially reduced. It 
will be much harder. If not impossible, to 
grasp the arm a second time. It’s just as 
easy to use and a little experimenting will 
convince you that it is nearly impossible 
for the arm to be released from this grasp. 
With the palm of your hand toward you 
grip a substantial fold or two of your sub- 
jects’ coat or garment. Thus held he cannot 
break away. Of course this is, as a rule, 
only preliminary to an arm lock or other 
hold but as long as you hold this grip he 
cannot release his arm. 

The two lower pictures illustrate poor grips. 
The arm can easily be jerked out of such 
holds as these. 

o strengthen the grip of your hands there 
several beneficial exercises you may 
use. While they are old standbys for this 
purpose they are, nevertheless, very effec- 
tive. One consists of kneading rubber 
balls, the size of tennis balls or smaller, 
in your hands. Another Is to stand with 
arms outstretched end crumple a sheet of 
newspaper up in each hand, starting by 
holding them only by the edge or corners 
and continuing until they are balled up in 
your hands. This exercise does not sound 
impressive but a few trials will convince 
you of its effectiveness. 
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H ere is a hold to apply on a person who is sitting. For some reasonr 
sufficient to vourself. vou wish to eiect him from vour home or 



I I sufficient to yourself, yog wish to eject him from your home or 
business office or to remove him to some other locotiort. This Jiu-^su 
number is easy to oppiy but very effective in its results. It is obvious 
thot this is only used when the subject is weoring a coot, jacket, or 

some such substantial garment. 









Your righr hcnd ofler a tfrOvig grip 
0<n his rig hi coal lapeS. 



Ht'll fairly ]ump oul of hi$ choifr Keop 
Kil arm lighlly Iwifled. 



fov have Iwislffd hit left orifl »0 thol 
he palm of hil hand if itroighi Up. 



if you have taken your grip for enough 
back on his righi caliar yaur will 

he pKerling preiiur^ on his IhroaK 



Yovr righi arm should be under his 
arm exoclly ol or a little obo-ve hll 
elbow. 

or ilrike 
will offer 
have him iri 
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In theie ''come along'' holdf 
you moke your job eafier 
by approaching your mem 
wiihoul evider^t tign of bel- 
ligerence, if possible. Re- 
meoiber^ in Jiu-iitsu^ you 
ore not looking far a flght^ 
or Iraublej you are bent an 
mastery of the siluation in 
o neat, efficient manner. 



^'Whal's Ihe matlerj old fellow, , a your bond is Fold folicilauiiy on hii 

fittlo IrOUble here?'* you may ask ns shoulder. This, af course Js an example 

of misdirection. 
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The fnrfher back araund his neck that You hpve bps left Ofm fully extended New Uiing your nghf arm the fut- 

you Srip hil COtrl collor Ihe more no palm of hand up, and a firm grip crum, you exorf kvftroe^ by forcing 

effective your control. on hii. righl col lor. h[* loft wriit sharply downword. 

Keep fhe knuckles of your righl bortd The Teverag# you ore exerlin^ on hit 

OQalnsT the per&on^t throot. arm causes him great pain. 



All tht ad>ion shown horo 
look place wrihm three tOC- 
ond^. It lookE slow in pic- 
tures; but tpeed is act uolly 
the very essence of success- 
ful Jiu-Jiltu. The pictures on 
the next page review ih* 
most imports nl mavements 
of this number. 



Grasp for his left wrijt, Greet speed 
is n-ow essentioL 



hrs arm as you fwiit it. Your 
■n goes underneath hJs left arm. 
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Jn reviewing the foregoing 
number you can see that the 
importonce of the twist given 
the man’s arm cannot be 
over emphasized. Unless it 
is turned ot least enough to 
bring hts hand palm-up the 
entire action will be unsuc- 
cessful. And when correctly 
twisted 0 slight additional 
turn is on effective way to 
coax a little snoppier action 
from your captive. 



The other very essential por- 
tion of this "come olong" 
hold consists of the part 
ployed by the hand and arm 
holding the victim’s coat col- 
lar. The grip on the collar 
must be very solid and it 
should be far around the per- 
son’s neck. This will make 
the knuckles of your hand 
press against his neck or 
collarbone. 





T his ts another come-along hold to apply on a per&on who is sitting. 

Looking at the above picture you are probably very doubtful that a 
one hand grip such as this can be as effective as the attitude of the 
subject seems to imply. It is, though, A person correctly held by this 
grip has but one idea in his mind and that is to step lively in whatever 
way his captor leads. Anything to ease the pressure. 






Tliis number ii taty Id uts 

if yov hove rhe chouse fo 

gra^p Ihe lubjecfl wri-tl 

firmly for one holf 0 second. 



Therefore try to approach in a manner 
vrhicb will not put him en hi* guard 
at once. 



Even while lading hold of hit wrfti 
you may atk hJm Jf "Ihete people are 
batherinn him/^ 
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Piill bh ihuirib bockwcrd, the &ame 
keeping if poinling dcwnwardp 
not out to Ihe side. 



holding hi* wrUt with yaur right hondp 
lake hold of his thumb with the flrigers 
of your left hand. 



tf you ore going to eperote an hit 
right sidt grOlp h\% light wrilt quickly 
just above his handp Ihen^ 



Pull hii hand and wrist into close 
contarl with the side of your hip ond 



keep his arm close to your sid- 
pressure of your ^eft forearm. 



Your left thumb IS now on top of his 
wrist and the fingers of your left hand 
have drawn his right thumh for bock. 



There is practicoFly no pressure on 
yourself and you con toslly keep your 
mon under canfrot for as long os you 
core to do so. 



You must keep his urm on top of yaur 
hip bone and you musi keep his elbow 
fairly low. 



This is □ very useful nurn- 
ber. If is not unnecessorily 
rough ond yet a very power- 
ful person is easily con^ 
f rolled thereby. 
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You must remember that this 
number first required a tight 
grip on the subject’s right 
wrist by your right hand. 



Pull the thumb straight back 
until your own thumb will 
go over the bock of his wrist 
while your fingers retain his 
thumb. 



Only your left hand is need- 
ed now. Pull his hand up to 
you ond force his wrist to 
rest on top of your hipbone. 
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MOTHER WAY to take your man with you in such a manner he 
will confine all his objections to vocal ones. Speed In applying it 
is all that is necessary. Once you have the grip the victim will even 
walk on his tip-toes if you put on a little pressure. He will not try to 
escape or to strike you with his free hand because he can feehwith 
dreadful certainty, that you can easily break his arm. 






AiMERTCAN JIU-JITSD 



Tw\if hi9 wrisf shortly and at the 
laniB time rtiita hU ariti. 



Wplh hi£ wri&l twilled until the palm 
af hi^ hand it pointing Upward he'lj 
Uf himteJf go off balance slightly. 



hove hh arm very &nu^|y lucked undcf 
yourt. Orherwpse you connat SKercise 
the full force of your potifiorin 



Notice lo whof an extreme the lefl arm 
ho* been twisted; o full half turn uf 
leosl. 



A ^ 






X 


Wm 'V ^ 


















1 flHn 




pi 















■^auM 
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Act very qukkiy and hy Ihe time he 
hoi cm inkting of your purpose vqu'H 
hove him oF balance. 



work clo*e to his Hrm so 
not have lo reach for fror 



Gratp far around his wrUI SO that you 
con give his arm on exireme twiti wllh 
only one motionr In opplying Ihese 



Now bring your arm directly undor^ 
neath his elbow. Keep him very close 
to you and 



Loy your upper arm over hiS arm just 
above his elbow. Don't relaH your 
grip on his wrist. 



When your opponenrs free arm goes 
stroighf out from his side — in ony Jiu- 
Jitsu number — it is n sign iflOl- he is 
oF balance. 



His arm Fs securely locked now and it 
ii impossible for hirrn to escape. 



Orice you herve his arm se- 
curely in this lock it requErei 
Jitile eForl for you lo keep 
your victim iuhdued in- 
definitely. 
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The first important move was to grip 
the man^s sleeve in the approved 
manner. 



Then you grasped and quickly twisted 
his wrist. 



The next step was to pul your right 
arm iust above his elbow. 



This was followed by having your 
forearm go under his arm and putting 
your right hand on your teft wrist. 






w*' 






T his hold is appired lo ct person who rs on his feet, It looks simpi 
in the picture. It Is simple too, but it does its job. Your upper arm 



acts os a fulcrum In such a woy that you find it easy to hold your 
victim s orm ond hand down leaving him to keep his arm from being 
broken by stretching up on his toes and hurrying along with you. 
The exertion on your part is negligible. 




AMERICAN JIU--JITSU 



Quick! y rpjia hii arm you fwisi hU 
wrisit+ Ai your left hand bring;* hit 
hand up 



your righi urm goet under hk left arm 
exactly Ql hit elbo^. 



Kne^ hii left arm slrirtclied strajghl 
out from his shoulder. 





\ te-' 

















J 



Rest Ihe tips af the fl^ngurt of your Raising Or lowering your right elbow 

right hand or your left hand. The on hii arm will bHng him right up on ju*t a fraction sf dr iRch increotoi or 

feverage yau now exert hit tip toei. docreotet hit pain. 
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WhttY you hnva a firm Qffiip on hft 
wrUt yevr right honiil hii 

upptr orm. 



Never Kesifale d1 any poinf whnO 
opplying any hold— ro do to givei 
your opponenf d chonce lo PBlaCiale^ 



Roach rdf around hic wriil. 




At fhlt point you Hove him sojuewhaf 
off balance which malce& the flftlch 
comparatively eciiy. 



Yaur ifianS «lbow roifft on lha Iniide 
of youf arm jjuif above your own 
elbow joinh 



At your orm goo& under hli arm the 
practical effect it thof your weight it 
On one end of htt Drm and hjf welghr 
\i an the other. 



You can now keep him In this petition 

by the exertion of a very smolJ on^ount He cannot pociibly eccape and he 

of pressure. cannot dn o single thing to ln|ure you. 





Th^C hold efearfy shows how 
a tubjeers own weight is 
put ta use againil himself. 






The secret of this "come-along" hold is the manner in which the right hand 
is held so that only its fingers touch your left hand. Look at the bend in the 

victim^s arml 
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T he principle of misdirection plays a targe part in this number os 
the action starts with a seemingly friendly handshake. Thus this 
hold is used in those cases in which for one reason or anothei* you 
ore the aggressor. A little practice will enable you to master it to such 
on extent that you can throw a person to the ground in two seconds. 
To save his arm he must go down and he'll do it as fast as he can. 









rve Q ftienaJy greefin^ Ii 
intended victim nR 



nent"i rig hi elbow. 
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^ < Jd 



Tour left hpnd bo£ released hit elbow 
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A hor>dshake which you 
convert into o vicious throw 
is certainly o prims exompje 
of miidi-rection, Qy| because 
it does take the man by 
such tUrpriie it il always 
easy lo occamplishr 



The pain in his shoulder and wrist 
force him oround and down. 



He Cannot save hlmself from falling. 
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y&UF opponent \i noi Dbl« to retain 
his balanceni 



PuJI his elbow sharply up and toward 
your backr whil« ot the same time 
Iwlsting his hand downr 



Retention at thi^ point cf a very firm 
grip on his harid is absolutely neces- 
sary to insure that 



At Ibis point you retain your ^rip 
his horid only it you went to hold h 
on the 9round. 



You now can bend hH arm backward 
over your knee if you want him ta 
stay down. 



^'The hand Is quicker than 
the eye" applies one hun- 
dred per cent to Jiu-JjttU. 
Before yauf opponent cDn 
SEE what you are doing you 
should have the hold Brmfy 
fixed. 









The action is extremely fast from this 
point ta the finish. 


You start to turn your back ta the sub^ 
jeef otl the whik 


holding his hand sa tightly that he 
cannot withdraw it. 
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Th ese two pictures re-em- 
phaslxe the important action 
of the lost hoid. As soon as 
you have your enemy’s 
hand, swing your body very 
quickly around until you are 
holding him behind you like 
this. Yog ore the one who 
turns; don’t try to swing him 
□ round you. 



You continue turning until 
your left hand can, by reach- 
ing behind you, grip his right 
orm just above his elbow. 
Then by pulling his elbow up 
and toward you he will be 
thrown. 





T he natural inclination when held from the rear is to struggle 
and strain wildly in a confused attempt to break the attacker's grip. 
The hold con be broken very simply and easily though, by following 
the directions of this lesson, and at the finish the aggressor ends up 
on the ground. Th is is the first number in this book which makes use 
of the hip throw which is an important part of a great many Jiu-Jitsu 

operations. 
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As you con Ihis lesso-n 
only applies when your 
arms ore nor pinned to your 
iido by your assnilpnln In 
rhosQ cases we yio a differ^ 
enr Jiu^JilSil release. 




AttBCkorC very frequently fry fo over- 
power Iheir viElims by selling their 
from behind. 




^f this should hop pen to you 
waste your strength or time ti 
turn around. 




Bring your teft orm over underneolh 
his orm right at his elbow and 



fock hii arm in by resting the f^ngen of 
yoUr Jeft hand on yaur right arm just 
obove your elbow. 



Now^ usfng the hip throw, you are 
going to throw hJm fast ond hord- To 
do this you 



Dor^'t let go of his thumb yet because 
you^ra going to want la keep control 
of onyone who has attacked you from 
behind. 



You can fhrow him very hard or you 
are able, if you care to, ta break hfi 
fall somewhat. 



You have retained your lack on hit 
arm and your grip on his thumb. 
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Tour fingers shoulo extend OS far 
dawn tht batii oF hk thumb as ihoy 
wiJI reoch. Sirelch hii arm lo the full 
limit al The tame time ratting it away 
LID in the air. 



the 

toward yau. 



shrft ypur hips to the exlreme right ps 
you timullaneousty bend -Over and 
jerk him forward. 

Once he \t an the ground release hit 
thumb and very quickly grasp his flrsl 
and second fingers in one of your 
hands. Wilh yuur other hand 



With the powerful leverage you are 
OKer^ing orr his arm he'll leave the 
ground eosily. 

grip hit third and fourth flrigert. Wrih 
the palm of hit bond beni far hock 
fram hii Wrist spread his f^ngart apart 
ar>d bend them back. This will hold 
him. 



Actually the larger the man the eotier 
it ii to ihrow him over this way. 



Thfs Jiu-Jitsu number looks 
samewhol difficult buf in 
reolily is sjmple to apply. 
With p little pro dice you'll 
hove no trouble. 





If his hand is so tightly closed that it is Too use only your thumb and first two 
difficult to grasp his thumb, close your fingers to grip his thumb. To do this cor- 
right hand and use your big knuckle to rectly you must hold far down toward the 
bore into the nerve on the back of his hand, big knuckie of his thumb and at an angle. 

He'll open his hand, quickly. Your fingers should point down over the 

large joint of his thumb. 



With his arm locked in like this you are all set to throw him over by the hip 
throw. Keep the pressure severe enough in this position so that he is in pain 
and will not try to hit you with his free hand. 
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it N-«. 



A head lock can be broken with one sure swift blow. You may 
frantically puJi ond tug and twist to release yourself from some- 
one who has an arm tightly wrapped around your neck or by Jiu-Jitsu 
you may release yourself easily in less than two seconds. There is 
no question about the effectiveness of this method — the effect oji the 
nerve which is struck is instantaneous and severe. This releose is 
very easy to apply and needs comparatively little practice. 
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IhA it c one hand break 
for D head lock which you 
con cf^pend upon whe never 
you fmay have on occotion 
1o oppEy ft. 




rn Jiu'Jitiu thora oro several ways to 
relonse yourself from such o predlco^ 
menl 




Kimple than Ihi^s method. 




■i!33V. Vv.-y;- 



and faring your right arm Up behind 
your opponent's bock 



and over hit ihoulder. Have your 
right hand in the posit ion recom^ 
mended for a knife blow. 



In the moanTime waste none of your 
effart in trying to brfrok the grip of his 
arms by pulhng 



your litrle flngor to your hand. This 
blow need travel no more thon three 
inches 



to cnmplelely incopucitale your mon 
for further action for some time. 



His grasp around your neck wiEI be 
broken at once ond 
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Whelher ygli or* aHarked on IIib r4^h1 
itr left side makes no difference in Ihe 
eote of your release. 



As in Ihe example fhov^n hertx when 
your ossoilanl \t on your rigKl side 



















on hlf arms or frying lo loosen Ihe grip 
of his bonds. Sirrke wilh the knife edge 



of your hand of the tpol where hit 
upper lip meets his nose. 



Have Ihe odua^ contact made by the 
big knuckle which joini 




he will be forced bockword end 
p^otely off hif feet, 



Ihus giving you o perfect opportunity 
io take further oction should i1 Pppeor 
necessory. 



When you are practicing 
Ihii number just push an 
the nerve spot beHaw your 
ponnar"b nose instead of 
OCtually giving it a bloWn 






Checking over once more the release from □ head lock/ notice that you hold 
the assailant's wrist with one hand. With the other you force his head back 
by placing your hond, knife fashion, against the nerve spot at the base of 
his nose and pushing forcefully. The actual contact should be made by the 
big knuckle of your little finger. Do not have the palm of your hand over his 
mouth as there would then be nothing to prevent him from viciously biting 

your hand. 




H ave you ever been pushed oround? If someone should pw( his 
bond on your shoulder or chest ond try to push you against your 
will you can, in less than one second, have your assailant lying at 
your feet. You don’t have to be bigger or stronger than he is, you 
don't hove to engage in a 'fight’, Literolly, o simple 'twist of the wrist’ 
and he's lying on the ground or floor, at your mercy. 
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Thit fends To upscr yout attetNanI's 
be la nee as you pull him forward. 



ever the flrsl end second finger benes 
Pre^S hard wJth your Ihumb. 




aTm of hiE hand is painting 
righi Of his heed. 



Keep twitting hit hand and wrist fur- 
ther to yoLir right and down he goes 
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The wrist throw just shown is 
used a lot in Jiu-Jitsu. Reviewing 
it ogain notice that the fingers 
of your right hand go to the 
palm of his hand, your thumb 
on the back of his hand. 



Turn his hand oway 
from you so that the 
palm of hrs hand Is 
toward the man 
himself. Your thumb 
is pressing hard 
against the nerve 
spot in the back of 
his hand. 



Now grip the subject’s hand with 
your left hand ojso and continue 
the shorp twist. 
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A GREAT MANY instances occur every year in which peopfe are 
choked, some to death and others painfuMy but not Fatally. There 



are a number of Jiu-Jitsu defenses or releases from choking, some 
more complicated than others. This one, involving a single, sharp, 
accurate blow is easy to accomplish and entirely effective. It has the 
added advantage, if sharply and correctly administered, of ending the 
trouble at once as the attacker hos little fight left in him. 






Your hands must in the^'km'fe 
position 



□ nd should bft raised about as high ot 
your shoulders. 



You strik& hard agornsl both sides of 
his body simultoneously, obuut at hjs 
fifth or sl)tth ribs. 



A very lorgfr man is ju^l at vulnerable 
lo Ibis bJow at o tmall person. 



The men will foil To the ground sev#refy 
injuredr gasping for breath. 
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Use this defense when your 
Orttacker it not wearing a lot 
of heavy clothing. A heovy 

0 verc cotF for instonc ftp wo ul d 
soften your blow too muchp 
robbing it of its full effa^- 

1 Von ess. 
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This number may he used when ever 
your Opponent is in front of you. 
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Hii hands art- o round your ihrool. 
Bend yaur knees a IHtle. 



As you slort fo bring your nrms 
you should crouch dawn i lightly. 



Borh of your har>d$ should como 
or tho Same h'mo. 



As you Slrike you ako slroighlBn your 
knees, which lends lo give oddid 
power To Ihe blow. 



If you have hil Ihe r^ght spots hard 
oriough 



leas^e his grasp on 
Ihroal at once. 



Remember in executing this numberj 
ai well as all .^lu-Jitsu numbers (n- 
volwmg a bloWf thol you use the knife 
blow, not your flit. 



A$ he fahs you have ample oppori unity 
lo foliow up your bfow wrth further 
measures. 



this it onolher of those Jiu- 
Jitiu numbers which you 
ihuuld be Careful about in 
your practice. Hit your part- 
ner eosily;; reserve the vic- 
ioui blows for o real enemy^ 

















.1 
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Looking at this number again^ 
note that you pay no attention 
to the attacker^s hands at your 
throat. Roise your honds above 
his elbows. 



Hit hardl Hit at about the fifth 
ribs with the knife edge of your 
hands. 
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Iv fe 








^ 1 






I-"' 1 





Olid youf fingers in the palm of hi& 

hand. 



Bend Forward and far lo fht righij. 
helping ro throw 



your opponenr oft balonct^ end to gain 
momenturn for yaur move. 




Thil exert! trem&rtdouE leverage on hii 
□ rm ond wrist joint 



and infijcts so much poin that it connol 
be withstood. 



If i1 ooulri be endured and the man 
attempted lo Strike you or breok owny 
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reach y/\^h youf leH hand far his righ^ 
haad which far ihfr mOrrient al your 



Reach awa 





f ^ ] 




" ' V-. 



Vo Ur righi hand has reinforced yaur At you COme U|^ and your Eeft yOLI and are bending hit hand lOWard fhe 

^efl anthe victim'i hand wirh nngert are exerting strong prejtura on the in»lde of hjs writt^ 



paim^ thumb an back. 



nervei in the bock of hit hand 




the odditionol pressure you could ens- 
Ely and instantly apply would kn[ure 
his wriit severely. 



When he foils he will spin around In 
□ n attempt la straighten out the twisted 
arm. 




He is, however^ ol your 
mercy because you SlEll 
have control of his wrist 
and cnn continue to Opf^ly 
pressure^ or change to some 
other bat equally punish- 



ing, grip. 
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This method of releasing your- 
self from a choking grip utilizes 
the wrist throw. Thumb on bock 
of hand and fingers to the palm. 



This shows how your fingers 
should be in the palm of his 
hand and the thumbs on the 
back. This picture shows the 
extreme twist that is given the 
attacker’s arm. 
















2 ^ 












1u": 









■s^ 



'■K- 
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POOR KAN ’ 3 janes BOND Vol . 2 



139 



AMERICAN JIU-JITSU 




O NE MORE relea se from being choked. This Jiu-Jitsu number looks 
spectacular but it is easy to perform. Actually a small person 
can release himself from, and throw, o much larger and stronger 

person by this method. 

The advantage of having several counter-ottacks for any one type of 
attack lies in the fact that different circumstances will often indicate 
that use of one certain defense is more likely to succeed than any other. 
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I repeat that thib is an easy 
fiumber to uia^but Ft can- 
not bft used luccettfolly 
withaut udectuate practice. 




With this number you releuse yourself 
^^Om an assaiFcmt's cliltch 




and Ihrow him so hard upan hFt back 
that he fnay be stunned by the fall. 







nd your farce will Free your throal 
from the grip of your enemy. 



As you knock his hands away gel a 
good firm prip around Fits Vppor right 
arm with your leFt hand. This wiJI be 
eosy as yaur arms and bonds orC sFill 
in motion. 



Your righi hand now takes a firm hotd 
on hiK shoulder right up close to his 
neck. Up to ihU point you have been 
£ loading Face Fo face 



If you make your IFF! with Ihe Hip and You can throw the subject very heovily 

Ihe pull with your honds simultane- you will he omaxed ot ihe eose wHh or you can eose up a little as he goes 

outlyj whFchyou throw the persan, over 








£ 


1 
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for iHe flr^t patf, fhc ycu tink 

down ^ev0^rcil inches by bending your 

knees- 



By dipping down thus you golber 
nrientum for your up word push. 



ThrusI your orms upward belween his 
arms- Puth OUiWnrd us welJ as upWOtd 







which raises him Upon il and nt iHft 
lame give a sfrong puil forward 

on his shoulders. Pull down On hil 
ri^hl arm and pull up Olid over on his 



□ re nol going to want to ease his fall 



tefi shoulder. 




and breolc h 1 s felt somewhcilr Of 
course it someone has □ Hem pled la 
choke you, Y^U 



loo much. Rolain his right arm by 
your lefi and bend il backward over 
y 0 u r fo rfro rm to k eep him undergo nlrol. 



This IS anotriBr exomple Ol 
Ih e gie at depe nde n re th e J i u- 
JpIsu operator puts Upon Ihs 
hip throw. Fully Iwenly pOr 
cenF ot all Ihrowsure Ihere by 
o c c a m pi is he d. Therefore 
you can nOl become loo 
adept in ils execution. 
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The first part of this number con- 
sists of the releose. Your hctnds 
and arms thrust upword, with 
considerable force, between his 
arms and break .his grip. 



Then you hold his right arm 
closely under your left arm and 
your right arm goes to his left 
shoulder. 



Then the hip throw. Using your 
right hip as the pivot, and pull- 
ing with your arms he easily 
goes up and over. 
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bring yotir rig hi hand and otm OvoFr 
acro&f your bady^ w»|H your hand in 
knif# blow position. 



WIm your Isrr hand hold yaur oppo- 
nont't right arm out af the woy end 
bring 



youp right hand, high orl your lefi side. 
Then hSl, very hord, at □ spat righl 0>^er 
his Eowasf rib. 



In most cases \hh will be o knoebout 
blow OS few people can iland such a 
blow to Iheir Fiver^ 



Lei me caution you to JtO 
this blow very lightly in 
practice. Da, however, proc^ 
tice hitling the right spol bul 
this ian be determined by 
very light lops. 











nBL ‘ 













hmIB V 
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T his defense against a right hand blow can snap yoar victim's 
arm or efbow joint or slam him heovily on the ground in your 
controh It is somewhat more difficult than the preceding number but 
sufficient practice will enable you to master it. Part of the great advan- 
tage you have because of your Jiu-Jitsu lies in the fact that your 
antagonist is generally taken by complete surprise by the nature of 
your attack. He simply does not know how to combat it. 








AMERICAN JIU-JITSU 



the palm 
Lf pwnrd. 


□ f htv hand will be slightly 
Retain your hold on hiv left 


You hove loken another full step for- 
ward and you ond yoLPi- mon ore nOw 
nearly back to back. 


Your right hip \i in doto conlocl with 
the bock of his right hip. Now ihrfi 
your hip( suddenly 


beccTU-^e !□ do so WDultf haviE pul ixiorE 
pr^^&iure on bit elbcw and s^houHer 
joint, 


easify enough to have broken one of 
Ihem, Thu severe jar 


the man receives os hs meets the 
ground, pjut the severt pain in his 
right arm from tkc pressure On it, 


* 

P- . 
















^ - ‘T7. .‘ • 


■ u ■"■' V 

< . X' 

fc''. ■ 


tjL ■ ■■' ■ ■■ j '1^911 


v-i'i • . V ■ 
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I 
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Qijr lefl hond| which is firmiy 
yoUF attacker^* Writtn 
hii Ofm SD lhal 



Bring his right Arm down Cicrc^s yniir 
shauldcr^r His elbow should rest Upon 
I ho beck of yotir neck* 



Duck yo^jr head/ if neces^oryr 
wnder his out tirel chad right orm^ step- 
ping forward oS you do so. 








The firsJ part of this number consists of Next you grasp his right wrist with your 



blocking the blow with your left hand. feft hand and turn his wrist so that the 



palm of his hand faces upward. 




His arm is raised over your head and brought down across the back of your 
neck. Your hip is close to his back and the next step is to throw him up and 





T his is an effective woy to take care of one attempting to hit you 
with their left hand. As you easily swing them up and throw them 
to the floor you are so much in command of the situation that it ies 
within your power to let them down fairly gently or to smash them 
down so hard that it is unlikely they will fry to get up at once. In 
either case you can easily keep them down. 
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▼ 






At the lOmB mament Ihut you kicked 
hh leg you ihoved backward agoinit 
hit Dmi and thoulder. 



Dc'Wn he'll flat on his back^ and 
if you pul a little extta pU^h DguinEf 
him 



fiS he it goin^ dawn he'll land with 
enough forte to be disabled, ul leatl 
temaororily. 



Rais# hiiS arm us high in the uir as 
you tan reach and also keep it fully 
extended 



which will keep him off baionce Cmd 
oirl of position to resin effecitively. 



make th 
for Vou+ 



is postFbl# 
his neck 



AMERICAN lTTU-^lJITSL" 



Thil number is os easy to 
use us il tooks Iq be in these 
piclures. if you have the 
proper se<|uc7nce of move- 
ments firmly Fixed tn yout 
mind the octuol appJktnlion 
H not dif^tult. 



Vou should olways be ready for any 
type of oltatk. If you arc not, a sur- 
prise offensiv# catching 



While it PI shown here os a defens# 
against e l«fl-hDnd blow rt equally 
elTtictive o^dinsl a i-iehK 
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yau guard tan b€ just as disastrous 
to y^ti inlEnd it lo be la your 

opl>onent. 



Block the blow wilh ihe knife edge cf 
your tight hond ond then oblain a grip 
on bis EefI wrist. 



Wdh your left hond held the aHotker^s 
sHooldor. Don't merely use bit shOuEder 
Os D resting place lor your hand — 



Vou have rOaChod forward wilb yOur 
isft leg untiF it is well behind bis left 
leg. 



A tbove won' I do the job, but tbe kick 
wtl[ really fake hit legs Out from under 
him a$ he is already off balonce. 



and do it bardi 



I drflnilely will not lei my sludonts use 
numbers which even rnamentarily 
place themselves in such dangerous 
potiliontr 



Some of the alder Jiu-JiTtU numbers 
included inslonces in which YOLE, 
intentionally, also fell to the ground. 



Jiu-Jitsu has succr '^sful de- 
fenses for every ortoci* and 
I □ 1 1 0 w th e Use of o n I y t h os e 
which control tfie voriou e 
litualiont with the most 
[kpeed ond leoEl bother Id 
the cperotor. 





POOi^ MAN ■ s JAMES BOND Vol . 2 



152 



AME R T C AN JIU-JITSU 




After blocking the left hond blow you hold your man's wrist and shoulder 
and raise his arm high in the air to throw him off balance. Then a solid kick 



with your left heel against his left leg and he is thrown to the ground. 
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\A/HILE the chances ore that you'll never be attacked by anyone 
V V Wielding a knife^ the Jtu-Jitsu defense ogainst such a person is 
so easy that you cannot afford to neglect it. When practicing, use a 
knife of the proper weight and shape, but have the blade covered 
by some protective sheath so thot there is no possibility of anyone 

being needlessly injured. 
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This number requlffll a Jot 
of procHce before you can 
knowfhof you have reolly 
inaifered if. But when you 
con apply i1 oi ihown in 
fhe following picfurot you 
own a reof defence agomil 
onyone opprooching you in 
Ihii monner with o knife. 



A knife wielder olfemptf Id stab by 
eilher o downward lunge or an up- 
word llash of his weopon. This de- 
fense fes for fhe loHsr nclmn. 



As he corner 1o yoUr you musl qukkiy 
do Iwo things; parry tht blow and 
swing your body to one side oul of 
Ihe way. 



where you lake a firm grip. Your right 
hand jotni in this option and you ihut 
hold his knife hand securely 



wilh yourlhumbs ejteiiing pretture on 
the nerve center an Ihe back of hit 
hand 



ond your fingert lo the inside of his 
Wrish You ore now in no danger from 
Ihe knife 

I witling hit honct, wrist ond orm far- 
Iher bockword all rhe lime unlil |he 
leverage on hit elbow and wrisi 



This Will make him open hit hand 

lefling go of the knife which wilt tail 
through the air oul of reoch. 



You stiJI hove one more objective and 
Ihot is Id Ihrow him to the ground — 
you ore doing lhat by 







m ■' j 


^ ‘ 4 ' 




a' 
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Turn your bocfy so iliat thie ^nish of 
hl& arrested blow WfII slide hormlessly 
past you. 



Smosh^ wllb the knife blow uf your 
Kond, info your enemy's lower right 
arm brooking ttio fcrCO of his ihrush 
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When you block o blow don’t 
nnerely slow it down. Hit os 
hard as you can. 



The instant you block this 
blow your hand moves 
down and grips his hand 
with your thumb to the back 
of his hand. 



Your left hand then re-in- 
forces your right and you 
twist his hand back and to 
your left. 
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This a very painful number for Ihe victim and not difficult of 
I performance by the operator. I show this defense being used ogaiitst 
a person carrying a club but it is equally effective ogainst any other 
weapon, such as a bottle or knife. Speed and aggressiveness are the 
important factors and every minute you spend on your Jiu-Jitsu prec.- 
tice helps to make you quicker and more alert. You’ll think faster 

and act faster. 
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On« riTiportonl way in which 
Jiu-slitiu differs from other 
faritn nf self cl^fense ii Ihal 
the Jiu>-Jitsu ex pelt \% OrtxS- 
Ous far actual close contact 
with Ihfr opponeni whereas 
ether defenses endeavor Is 
keep the Otlocker awsy. 



As anyone potOnllally dangeraiil to 
you neon, you must he elerP For any 
lype of oMock 



and mointein yeorsePf in such po£i1ion 
that ycu Cannot be drown ofF balance. 



Ae you blocked tho blow yout left arm 
camo Lip ui^der his eJbow and then 



yeur 3eFt foreorm goes befWeOn the V 
formed hy hit arm and your right arm, 
ond your left hond 



s Eoid On your right Wrist or forearm 
rhis locks your opponent's orm in e 
Very punishing posHLon 




Alwoy^ maintain your hold I Ot 
mon foMt, for to releose him 
depend 



upon the Foil clone to incdpacilale 
him is lo give up your odvanlage 
needlessly^ 



iKh you exert greet leverage with 
unhaJievably litlle exrrrtien. 
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A 5^ fhe weapon being swung at yau 

YOMr firil concern {% lo block the blow. 



which you do by striking the ctubbor's 
furearm whh ypur knife’^hond hlow« 



When you art aiming al a ipeciflc 
target such as Ihif keep your aye on 
the hand or arm, nol on his fnca or 
elsewhere. 







Your right hand forces his 
arm back. Your left arm 
up through the bend of his 
and your Eeft hand rests on 
right wrist. 



I the clubber Is forced down 
are able to maintain the 
hold on Kim. Your right 
exerts pressure on the back 
of the man's hond. 





UIIU lun.^ Ill^ 

se^cfuences. This Jiu'-Jitsu number shows you how to ovoid being shot 
ond to quickly disarm the gunman. Of course the gun must be In 
contact with you to enable this defense to succeed. Jiu<Jitsu cannot 
elp you if a person stands six feet away from you and puIJs the 

trigger. 
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Vau may jiey«r he poked in 
fhe back by e gim cmd f^\d 
fo 'Tfick 'em Up" buf every 
dny hbol experlcrire cames 
1o many people- If the gun 
Fs right at your back you Con 
capture the gunman as 
shown here. 



aod mavep he i& not surpriied. 
Surprise, however, i& to have yay t| 
Instead a^ puHingi your armE up. 



oround lo grasp lh« gun hand a& the 
flrti fnove 1o disarm lhe altucker. 



Your right hand should now came Up 
Id lake the man^S WrHt ut your left 



grips his gun hand with your thumb 
on the bock of his hand. NexI farce 



hand 



The pressure yau have exeiied on the 
back of hit hand will have forced his 
hand open. 



Continue your grasp on his bond, 
twisting his arm more and more thus 
forcing him down. 



This is another example of the use of 
the wrlst-throWj that mo si versatile of 
Jiu-'Jitsu numbers. 












You lum OUtCKLT I4 Iha right. Even 
if he in lbiL& ^plil secnndj. fire 

hiK gurt yuu would nol be thor 



pushing it still furlher nway from O 
dongeroui position. Bring yout loft 
hand 
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hii horri end pnri (town ts get set for 
u r^uick, violent upward movettlOnl. 
Now faring fan faond up 



the gun has faeen thrown for awoy 
ond you have your man On his back 
on the ground. 



with u fast snap, Yapr right htind 
gripping fats writt ond yuur left his 
hand. 



When you reach the top of the twing 
his hond Witi open end the gun will 
be thrown through the air. 
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With your left hand grip the 
victim's fourth and fifth fin- 
gers and with your right 
hand loke his first and sec- 
ond fingers then bend his 
hand far bockp and at the 
same time Stretch the fingers 
opart. 



You can easily keep him there by an 
orm lock such a% \ hove shown you CIt 
the finish of fhe last number or you 
can use a finger spread QS shown here. 
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As you turn to face the gunman you swing This Is a dose-up of the proper grip on the 
your right elbow so that it hits the gun^ man's gun-hand. Notice that it is on adap- 
deflecting its aim from your bock. tation of the wrist throw position so widely 

used rn Jiu-Jitsu. 




To hold the attacker on the ground you hove his hand pointing away from 



you. Two of his fingers ore held by one of your hands and two by the other. 

Then the fingers are stretched apart. 
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A REVOLVER is arined at you from within twelve or eighteen inches. 

A speedy Jiu-Jitsu attack and you can have the gun and a captive 
too. Using one of the Jiu-Jitsu fundam^ental principles this is act 
especially difficult and not nearly as dongerous to you os it seems lo 
be. Practice this many, many times and if you ore ever called on lo 
seriously use it, it will be as simple in execution as any other number. 









I 
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Don'll ever aH«mpT fo 
D gunm-an wHo U i^anding 
OUlftidfl of your eosy reach. 
Eighteen lne;he& abouf the 
OUHidc limil of the pottibil- 
ity of s u sf u I oppn coHon . 




Affer you hnvB become pfafl^ienl af At a revolver \t flashed al you wilh 

Jiu-JHsu defento d it unlikely fhot you an ugly command to put up yuur 

will over be caught off your guard. hands 







Ybu have stepped forward and with 
right hand gripped hit lefi 
shoulder doto to hit neck. Keep a 
firm grip on the revolver pnd with hit 
trigger Anger painfully 

you already hove him off boloncOi 
When you have him up in Ihe air like 
Ihis. 



from within the ligger guord. W at 
thit ttage the gun shauld he fired, the 
gunman himtelf would bo the victim. 



Continue forcing Ihe gun toward your 
ottailont, meanwhile giving him no 
chance In remove hit trigger finger 



with your right hnnd. Lift up suddenly 
wilh your right hip and pull him 
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-PrU/ KM 


SB 






9H. ' 



yav'W say "All fighr' or str"and 

Hart tuch D lYiDtion but yuu lfOis4 
your arms you'll push the barrel of the 
gun to ono &ide 



nnd turn your hond 45 that the poEm 
of yaur left hand tv ogoin4t the 
chamber^ 



enabling you to do4e your flni^ers 
ever it tightly Ihuv preventing ti#e 
revolver from being fired. As you 
probably know the chamber must be 
free to turn, otherwise you cannOl pull 



the trigger of o revolver 




lockEd in thE guard, hfl tight hand i: 
in cop able of rendering him any assis- 
lance whatever. 



As you step past him with your righi 
log you prepare to ihrow him by a 
hip-throw. 

The impact of the hard fall and the 
Fad lhal you continue lo hold his 
finger in the trigger guard combine lo 
keep him undot ■control. 



eatert afl your force suddenly lo slam 
htrn down |g the ground. 



You can easily take the 
revolver awoy From him 
and then hold him by bend^ 
ing his arm bocltwardr wilh 
the back of his eFbow 
against your kneeL 
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The muzzle is forced 
oround unHI it points 
at the gunman him^ 
self. His finger is 
imprisoned in the 
trigger guard. 



Th is shows the proper position 
used in completing the copture 
by using the hip-throw. 
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A Treatise on Chemical Warfare 

MoC-RAW-HILL BOOK COMPANY, Imo. 

NEW YOHK AND LONDON 
1937 
BY 

AUGUSTIN M. PRENTISS, Ph.D. 

Brigadier General, Chemical Warfare Service 
United States Army 

ABOUT THIS BOOK 

TAis book is complete except for irrelevant chapters such as: Rela- 
tion of Chemical Industry to Chemical Warfarei International Situation, 
Chemical Technique and Tactics of Cavalry, Military Organization for 
Chemical Combat, Chemical Techniques and Tactics of Air Corps, etc. 

Also left out vas the extensive bibliography and hundreds of foot- 
notes referring to books long out of print and generally unobtainable. 
For the most part, their subject matter concerned the historical record 
of the use of toxic substances in World War One and would have been of 
no use nor of any interest to one contemplating the making and use of 
chemical warf are substances in our time , 



ABOUT TABLE IV. — PROPERTIES OF CHEMICAL AGENTS 

The original chart was a large foldout of 14 by 28 inches. This was 
impractical to reproduce in the present format. However, the 25 substan- 
ces and their characteristics have have been reproduced on the following 
six pages. For ease in following the chart, the substances have been 
numbered. To follow the chart, simply pick the substance of interest and 
follow its number across the chart, page by page. 



PREFACE 

The three outstanding devebpjuonts of the World War were thr 
military airplane, the combat tank, and chemical warfare. Each of these 
new in.'itrunienta of war made itd appearance on the battlcbcld at about 
the same time, each exerted an important influence in shaping the charac^ 
ter of modcj-n combat, and each is destined to play an even greater role 
in future warfare. 

Since the World War, all nations have actively pushed the develop^ 
ment of theso now arms and much has been written concerning the first 
two — military aviation and meebaniaation — both in this country and 
abroad. But, for reasons not altogether clear, the literature of chemical 
warfare has not kept pace with its development since the war, aJtliough 
much has been done during the past few years in the principal countries 
of EurujM to supply this deficiency. The dearth of publications on 



chemical warfare in this country is truly remarkable, considering the 
position of the United States among the industrial nations of tbe world, 
and jjarticularly in view of the phenomenal growth of its chemical 
industry during the past fifteen yearn. 

With the exception of one book by General Fries and Dr. West, 
vvliich appeared in 1021 and was largely a narrative account of the 
Chemical Warfare Service in the World War, ajid one or two books 
concerning certain phases of gas warfare, no authoritative texts on chemi- 
cal warfare have appeared in this country, despite the European literary 
activity in this field in the past few years. 

There is perhaps no military subject that is so little understood ami 
so much misrepresented as chemical warfare. During the late war it 
.suffered much vilification and abuse which was not only wholly without 

Continued on page 176 
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Table IV . pHoniBTiss 07 Chemical Aoenh 



CHEMICALS IN W^R 
(See also page 174) 



Agent, 

Dommon 


Chemical 

name 


cws* 

eymbol 


Physiological 

daBiification 


Taotiaal 

daseificatioa 


PerBiBtency 

(iummer) 


PeisiBteney 

(winter) 


Lowest irritant 
concentration, 
mg, per liter 
or os. per 
1,000 cu. ft., 

10 min, exposure 


Bromeaetoue 


Bromac«t<me 

tCH^OCHiBr) 


BA 


Lacrimator 


Hanajaiag agent 


I to2 hr,ln open; 
3 hr, in woods 


2 days in open; 
7 days in woods 


O.OOlfi 


(1) 


Brombeniyl cyanide 

(French: Camiie} , . 

\ ^ i 


Brombeniyl cyanide 
(CaiXH^lirCN) 






Harraaaing agent 


3 days in open; 
7 days in wooda 


Several weeks 


O.OOOlfl 


Chloraceto|)lLctioiiflH , . . . h 

(3) 


Phenyl chlormethyl 
ketone 

(CtH*COCHd::i) 


CN 


Lacrimator 


Barrassing agent 


Solid for days; 
burning mix- 
ture, 10 min. 


Several weeks in 
solid ; burning 
mixture 10 min. 


0,0003 




Chlorine (C!d 


Cl 


Lung injurant 


Cuuaity agent 


3 Euin. In open; 
20 min, in woods 


10 min. in open; 
1 hr, in woods 


0.020 


iiiiiHi 




Carbonyl chloride 
(COCli) 


CG 


Lung injurant 


Caeuaity agent 


10 min. in open; 
3 min, in woods 


20 mia. in open; 
2 hr. in woods 


O.OOfi 


(5) 


DiphoBgene 

(Oerman : Pnetoff) 
(French t ^urpoLLte) 

(6) 


1’rich Lurmeihy IchlorcK 
f ate ( diphoagene ) 

(CiCOOCCfl.) 


German 

Green 

Crow 


Lung injurant 


Casualty agent 


Ih min. in open; 
OOmin, iu woods 


30 min. in open; 
S hr, in woods 


0.003 


Chlorpicrin h . * h . 

(vomidag gae) 

(7) 


Trichl or n L trome tha ne 
(CliCNOi) 


Pa 


Lung injurant and 
lacrimator 


Casualty agent 
and barrassing 
agent 


1 hr, in open; 
4 hr, in woods 


12 hr, in open; 
week in woods 


O.OOU 




Ethy Idiohl orarainc 
(GtHiAaCl;) 


ED 


Lung injurant, ater- 
jLutator, and vesi- 
cant 


Caeuaity agent 
and harraasing 
agent 


1 to 2 hr. in open ; 
2 to 6 hr, in 
woods 


2 to 4 hr. in open; 
12 hr. in woods 


0.001 


(Cerman: Dick) 

(8) 


Hydrocyanic acid. , . , ^ . 

(9) 


Hydrocyanic acid 
(HCN) 


French 

4 


Systemic toxic 


Casualty agent 


3 min. in open; 
10 min. in woods 


10 min, in open; 
1 hr, in woods 


0.020 


Cyanogen cblondc. < . ■ , . 

(10) 


Cyatiogen chloride 
(CN<51) 


French 

4B 


Syitemic toxic 


. Casualty agent 


10 min. in open; 
20 min. in woods 


20 min. in open; 
2 hr, in wDCms 


0.0036 


Muatard^* 

(11) 


Dicblorethyl buI- 
dde(ClCH]CHi)iS 


iia 


Vesicant 


CuBualty agent 


24 hr. ill open; 
1 week in woods 


Several weeks 

both in open 
and in woods 


0.001 


Le viBite . . K ^ ^ ^ _ 
( 12) 


' 3 Cblorvinyldichlor- 
arsing 

(CICHiCHAbCU) 




Veiictnt 


Casualty agent 


24 hr. in open; 
1 week in woods 


1 week 


0.0003 


MethyldLchlararaine 

(German; Methyldicki 

(13) 


(CHjAbCIj) 


IID 


\^eBican^ and lung 
irritant 


Casualty a sent 


1 hr. 


2 to 3 hr. 


0.002 


Diphen y Lchl ora rai tie 

(Oermnnt CLark I) 

(14)1 


Di phe iiylc blora rti no 
(CsHiliAsCl 


DA 


Heapiratory irritant 
(eternutator) 


Harrasaing agent 


3 iniu, by H.E. 
. detonation; 10 
min, by candle 
diBseminatitni 


Same as summer 


O.OOOS 


DLphcnylcyanarBine. 4 r- 

(Germau: Clark 111 5 




CDA 


Respiratory irritant 
(ete mutator) 


Hartauing agent 


Same as DA 


Same as DA 


0.0001 


Adameite 

(16) 


Di pheny lamin e c h Lor- 
areine 

(CjHi)iNHAbCI 


DM 


Respiratory i rri t a n t 
(sternutator) 


Harrauing agent 


10 min. in open 
from Candies 


10 min. in open 
frt^n candles 


0.00030 


Crude oil ^ , 

(17) 


Mixture of paraffin 
hydrocarbons 


CO 


None 


Screening agent 


While Source !■ 
operating plus 
fi min. 


Same as summer 


None 


White phoephorua, ^ ^ h 
(18) 


White phospboTUB 

(Pi), yellow phoa- 
phorua 


WP 


None 


Screening agent 
and incendrary 
agent 


Depends upon 

Bi» of burning 
particle; usually 
10 min, or less 
in open 


Same as lu miner 


Smoke Lrritatiau 
□egligihlc 
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CHEMICALS IN WAR 



Intol(^r»bl« 
conc«ntratiQ[ii 
tdg. per liter 
or oj. per 
1,000 cu. It., 

10 min. exposure 


Lethal 

ooneentrAtioiit 
mg. per liter 
or oi, per 
1,000 eu. ft., 

10 min, exposure 


Melting 

point 


Boiling 

point 


Volatiitty* 

2D*C. 

(6S*F,) 


Vapor 

preelurs* 

20'’C, 

(68*F.) 


Vapor density 
compared 
to air 


Density 
of solid* 
20^, 
(68*F*) ! 


Sol vents 
for 


0.010 

C) 


3.20 


-54^* 

f-65*F*) 


135*C* 

{275*F,) 


75 ox. 

1*000 cu, ft* sir 


9 mm* Hg 


4.7 


1.60 1 


^ats and organic sol- 
vents 


10 mia. exposure, 
0.0008 ( 2 ) 

10 miD. exposure, 
0.0045 

(3) 


30 min. exposure, 
0,9: 10 mm. ex- 
posure, 3.5 


26*^::. 

t77*F*J 


225*C. 

(437"F*) 


0.13 OI, 

1,000 eu. ft, sir 


0,0112 mm* 
He 


6.6 


1.47 


]Jbl orbensenc , ch loro- 
form* F3* CG 


30 min, exposure, 
0.34; 10 mm, ex- 
posure* 0,85 


59*C. 

a38*F,> 


247*C* 

C476*F*) 


0,106 OI. 

1*000 cu, ft* air 


0.013 mm* 

Hg 


5.2 


1.30 


DbLoroform^ PS, etiiy- 
le nedtcbioTide, mono- 
chloracetone 


10 min, expoaurc, 
0.10 

(4) 


30 min. exposure, 
2,63; 10 min, ex- 
posure* 5.60 


-102*C. 

-tl52*5^F*) 


-3J,6*C. 

C-2S.5“FJ 


19,360 os* 
1,000 cu. ft. air* 


4,993 Dim* 

bs 


2.6 


1.4C 


[;G, PS* CCli 


10 mill, exposure* 
0.030 

(5) 


30 min. exposure, 
0,36; 10 mm. ex- 
posure, 0.50 


C-190“F*) 


S.2"C. 

(46.7*F.) 


0*370 OI* 
1*000 cu, ft. airt 


1J80 mm. 

iis 


3.5 




Cl and pa 


10 min, c\poHurK, 
0,40 

(6) 


30 min. exposure, 
0,36; 10 mm. ex- 
posure. 0.50 (U,S.) : 
0.05 (Germany) 




127^. 

<260,6"F.) 


120 os, 

1,000 cu, ft. air 


10.3 mm* Eg 


e.o 


1.66 


CG, PS* DA 


10 luin. exposure, 
0,050 

(7) 


30 mill, exposure, 
0.80; 10 min. ex- 
posure, 2.00 


--69.2“C, 

C-fl3.4"FJ 


112“C. 

(23l,5*F.) 


166 os. 

1,000 cu. ft. air 


18.3 mm* Hg 


5*6 


1.66 


CbloroforsL, fXj*cih1o' 
rine, CSi, CaHt 
CjHiOll 


10 min, expMure, 0.01 
(ebuses sneexing) 

C8) 


30 min. expoeure, 
0.10; 10 min. ex- 
posure* 0.50 


--3(W. 

(-22*F.) 


150*0. 

(312“F.) 


100 ox. 

1,000 cu. ft* air 


5*0 mm* Hg 




1.70 




10 lain, exposure, 
0.030 ^ g ^ 


30 min, exposure* 
0,150; 10 min. ex^ 
poenre, 0,200 








603 mm. He 


0.03 


0,75 


ASCla* SbCOt 


10 min. expoeure, 
0.005 


30 min, expusure* 
0,120: 10 min, ex- 
posure, 0.40 


^e^c. 

(2rF.) 


15^C. 
(59 *F,) 


3*300 ns, 
1,000 cu, ft. air 


1,000 mm* 
He 


1.98 


1.22 
at O^C* 


Organic solvents 


E^e-eafluulty cgneen- 
tration — 1 hr, expp^ 
sure, 0,001 

(11) 


30 ruin, exposure* 
0.07 : 10 min. ex- 
posure* 0.15 


14^, 

(57*F.) 


217*C. 

(433.6^F,J 


n.025 02 , 
1,000 cu, ft, air 


0.065 inm* 
He 


5.5 


1.27 


Qila, PS* aicobf^, car- 
bon tetraebloride 


Minimum i rri tating 
concentrntitin, 

0,0008 

(12) 


30 min, exposure, 
0,048: 10 mill* ex- 
posure, 0,12 


- 18,2^0. 
(0“F*) 


190*0. 

(371“F*) 


4,5 or, 

1,000 cu, ft, air 


0.395 mm. 
He 


7.1 


1.88 


HS-PS* oils, alcohol 


1 min, exposure, 0,025 

(13) 


30 min, exposure, 
0.125; 10 min, ex- 
posure, 0*75 


64.S«C. 

(_66*6"F*J 


132*C, 

(209.6*F.> 


76 ox. 

1,000 eu. ft, air 


S*6 mzn. Hg 




1.85 


Organic sol vents 


10 miu. exposure, 
0,0013 

(14: 


30 min. exposure* 
0*60: 10 mm, ex- 
posure* 1.50 


45^. 

(113*F.) 


383*0, 

(730*F,) 


0.00068 ox, 
i,6a0 cu, ft. air 


0,0006 mm. 

Hg 


Praetioally no 
vapor; ail solid 
poHicles 


1.4 


Acetone, chloroform, 
chlorpicriu 


10 min. exposure, 
0.00025 fl5) 


10 min. exposure, 
1.00 


ai.5“C* 

(»1*P*) 




■Hm 


0.0001 mm, 
Hg 


8.8 


1.45 


Organic aoiveats* 
ebloroform 


'd min, exposure, 0,006 
(16 


30 min. exposure, 
0,65; 10 mm* ex- 
^ posure, 3.00 


19i“C. 

(387®F*> 


410“C* 

(770*F.) 

Decomposes b*- 
low boiling point 


Negiigibie 


Negligible 


No vapor; dis- 
seminated as 
solid 




Furfural acetone 


Nene 

(17: 


None 

) 


«20‘*C, 

(-3rF*) 


200“C, 

(392"F*) 


Negligible 


Negiigibis 




0.8 


Benxene, gasoline 


Smgke irKtation neg- 
ligible 

(18 


3moke barmiess 

) 


44*0, 

(ui*r.) 


23V“C, 

t54y*F.j 


0.1728 OI, 
1*000 cu, ft. air 


0.0253 mm. 
He 


Vaj>0T negligible; 
dLsseminated as 
a solid 


1.83 


Carbon disulfide* 
ether, benzeuc 
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Action on 
metals 


Stability on 
storage 


Action with 
water 


Hydrolysis 

product 


Odor 
in air 


Odor detectable 
at mg. per liter 
or os. per 
1,000 cu, ft. 


Phyeiological 

action 


Very corrotLyo to iron 
(1 


Unstable in heat oi 
light 


None 


None 


Pungent and 
Btining 


0,0005 


Vapor, severe lacri- 
mation; liquid, pro- 
duces blisters; often 
toxic 


Very corroaive toiran: 
load or enamel lined 
sLellq required ^ ^ 


Slowly decomposes 


Slowly hydrntyies 


H Hr and various eom 
pounds 


' Like sour fruit 


Irritates before odor 
can be detected 


Severe lacriniation 
and nose irritation 


Tamiaheg etcel 
aljglitly 


f^Uble 


None 


Not readily hydro- 
lysed 


In low concentra- 
tions like apple 
bloBSoms 


o.oooa 


Eye. and skin irrita- 
tion 


(3' 














None if dry; vicoroue 
eorroAion if wet 

(4) 


Suble in iron cylin- 
ders* tf dry 


A little dissolves 
forming HCl* 
HOCl* and ClOi 


HGl; HOCl; ClOi 


Pungent 


0.0100 


Burns upper respira- 
tory tracts 


None if dry; vigorone 
corrosion if wet 

(5) 


Stable in dry steel 
containers 


Hydrolyses rapidly 


HCl; COi 


Like ensilage; 
fresh-cut hay 


0,00i4 


Burns lower lung sur- 
faces, causing edema 


None if dry* oorroeion 
if wet 

C6) 


Stable in dry steel 
1 containers 


Hydrolyses slowly 


ClCOj; CO*; HCl 


Disagreeable, 

suffocating 




Burns lower lung sur- 
faces* causing edema 


Piodncee slight tar^ 
nieh only 

(7) 


Suble for long periods 
in steel containers 


Very slightly solu- 
ble 


Hydrolyses with diffi- 
culty 


Sweetish, like fly- 
paper 


0.0073 


Lacrimates* irritates 
nose and throat: 
Produces nausea and 
lung irritation in 
order as concentra- 
tion increases 


None 

C8) 


Stable 


Hydrolyses slowly 


EthyUrseneOus oxide 
and HCl (hydrolysis 
product is poisonoua 
if swallowed) 


Biting, irritant 


O.OOIQ 


V™icaqt* as power- 
ful as HS; powerful 
sternutator; causes 
paralysis of fingers 


None except on cop- 
per^ if dry; corrodee 
all if wet f ^ ) 


Stable when mixed 
with strong acid and 
dissolved in solvents 






Like hitter 
1 almonds 


0.0010 


Paralysis of central 
nervous system 


None if dry; corrodea 
mctala if moist 

(loj 


Unstable; stability in- 
creased when muted 
with AsCli 


Slightly soluble 


HCl; Dyanurte acid 




0,0025 


Irritates eyes and 
lungs 


None 


Stable in steel con- 
tainers 


Slowly hydrolyoes 


HCl and 

CHOCH)CII,)jN:tiot 

toxic 


Like garlic or 
horse-radish 


0.0013 


Dissolves in skin or 
lung tissue, then pro- 
duces bums 


(11) 














None 

(12) 




Hydrolyses readily 


HCJ; Ml oxide; 
<C1 CH)(_CHAsO); 

very toxic 


Like geraniums* 
then biting 


0.014 


Dissoives in skin, : 
then bums and liber- 
ates ML oxide which 
poisons body 


None 

(13) 


Very stable 


Slightly soluble 


None 




o.ooos 


Asthraa, dyspnea; 
lung injurant* skin 
vesicant 


Vigorous corrosion on 
steel 

(14) 


Slowly decomposes 


Slowly hydrolyses 


HCi; Da Oxide (Da 
oxide is poisonous if 
swallowed) 


Like ahoe polish 


0-0003 


kneeling; vomiting; 
headache 


Vigorous corrosion on 
iron and steel ^ f S i 


Very stable 


None 


None 


Li^ garlic and 
bitter almonds 


0.0003 


f^neeiing; vomiting; 
headache 


Very alight 

(16) 


Stable in steel con* 
tainera 


Insoluble* hydro- 
lyxed with diffi- 
culty 


flCl; DM oxide 
KCtHdaNHAsjiO; 
DM oxide is very 
toxic if swallowed 


No pronounced 
odor 


Almost no odor to 
0^^)2^ man* up to 


Headache, n a u aes * 
violent sneexing* fol- 
lowed by temporary 
physical debility 


None 

(17) 


Very stable 


)fon« 


^one 


Slightly Suffocat- 
ing 


None 


None 


Nona ! 

(18) 


Stable out of contact 
with oxygen 


)fone; stored under 
water in concrete 
tanLs 


jmoke in air; phos- 
phoric acid 
dissolved in water 


Like matches 




Solid particle burns 
Heah ; vapors very 
poisonous* cause 
bone decay; smoke 
relatively barmlesa 
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Protection 

required 


Method of 
neutraliilng 


Firat aid 


Munitions 
suitable 
for use 


■ 

American 
marking on 
munitions 


Gu mask; abeorbent 
only 

(1) 


AlkaU 


Wash eyes with boric 
acid: wash skin with 
warm aodium car* 
bonate solution 


Projeo tiles and gre- 
nades 


2 green bands 
BA gas 


Oas maik« absorb- 
enta in canuter only 

(2) 


Aleoholio aodiuia by- 
oroaide aptay 


Wash eyes with borif 
acid solution 


75-nirii. artillery shell 
or airplane spray 


2 green bands 
CA gae 


Gaak maeki; both 
abaorbent and effec- 
tive filter 

(3) 


Strong hot aodium 
carbonate ablution 


Wash eyes with boric 
acid; waah skin with 
warm aodium car- 
bonate solution 


Candles and grenades 
as burning mixtures; 
grenades; artillery 
shell; 4,3-in. CM; 
4-in, CM; airplane 
spray and bombs as 
enlu tidn 


Burning type 
munitions, 1 
green bund, 
CN gas 


Quk ntaeke; abatu-b- 
ante in canieter only 

C4) 


Alkali, aolution or 
aolid 


Keen patient quiet 
and warm and treat 
for brouchtal pneu- 
monia 


Mixed with OG and 
PH in cylinders and 
LP shells 


1 green hand Cl 
gas 


Oaa mseka; abeorb* 
euta m baniater only 

C5) 


3 team bydrolyiea : al- 
kabea and amines 
react with CQ 


Keep patient quiet; 
administer heart 
atimulants; give oxy- 
gen in severe cases; 
treat like pleurisy 


LP shells; cylinders; 
4.2-in, CM; 4-in, 
CM; I5fi-mm. howlt- 

ser abclL 


1 green band 
CG gas 


Gaa maaka; abiorb- 
enta ib eauuter only 

(6) 


Steam hydrolyaea al- 
kaliea and amines 
react with CG 


Keep patient quiet; 
administer heart 
ntimulants; give oxy- 
gen in^ severe cases; 
treat like pleurisy 


LP shells; cylinders; 

CM; 4-in. 
CM; Ififi-mm. howit- 
zer shell 




Gaa maeka with bicb- 
grade abaorbenta in 
caniaiera 

C7) 


Sodium sulfite aolu- 
tion 


Wash eyes with boric 
acid : keep patien t 
warm; protect throat 
from infection 


Mixed with CN in 
shell: air 

bom1ja;4*iri. CMand 

4.2- m. CM shell; 
pure in spray; 
w/OG in LP and 

4.3- iii, shell 


2 green bands 
PH gas 


Gaa luaaka and pro* 
tective dotbinc 

(8) 


Sodium bydroKide ao- 
lution 


Wash akin with warm 
sodium carbonate ao- 
Lution 


Artillery shell; 4.3-in, 
CM shell; airplane 
spray 


2 green bands 
ED gas 


Gaa luaek; abaorb- 
enta only 

f9) 


None neocBBary 


Freah air; cold water 
in face; arifficia] res- 
piration 


Artillery sbeJL 




Gaa maak^ abaorb* 


None neceBBary 


Freah sir; cpld water 
iri face; artificial rea- 
piration 


Artillery shell 




Gaa maaka and pro* 
tective dotbing 

(U) 


Bleaching powder, 3 % 
aodiumaulfido fNaiS) 

m water* eteam ; gaa- 
eoua chlorine ; or 
bury under moiat 
eartn 


; Wiuh affected parts 
with _ kerosene or 
gasoline, then with 
strong soap and hot 
water; rub dry; rinse 
with hot clean water; 
agent must be re- 
moved within 3 mim 


Airplane spray ; air- 
plane bombs; ff^tnm. 
guns; LAfi-mm. how- 
itaer; 155-nim. gun; 
4.2-tn, CM 


2 green bands 
gas 


Oaa maaka and beat 
oI ]>rotecttve clotb- 
ing 

(12) 


Alcoholic Bodium hy- 
droxide spray 


Wash with oils, hot 
wa te and soap ; dry ; 
first aid must be ap- 
plied at Once 


Airplane spray: air- 
plane bom ba ; 7 A*mm . 
shell; lfifi«mm. how- 
itzer shell ; 4.2-in. 

CM 


2 green bands 
hl-1 gas 


Gaa maaka and beat 
of protflotive dotb- 
ing 

(13) 


Sodium hydroxide ao- 
lution 


BTaih with soap and 
water, then with 
sodium hydroxide 
(fi wash eyes with 

bone acid 


Artillery and mortar 
shell 


2 green bands 
M D gae 


Beat type of filter in 
gaa-maak caniater. 

(14) 


Caustic gaseous eblo* 
rine 


Chlorine in low con- 
eentratione 


Burning-type muni- 
tioiis 


t green Land 
D,A gus 


Qaa maaka^ beat type 
of filter (15) 


Caustic gaaeoue cblo- 
; rine 


Chlorine in low con- 
ecutratidna 


Artillery sheU 




Beat type of filter in 
gaa^Riaak caniater 

(16) 


Qaaeoua chlorine 
bleach Liquor 


Breathe low concen- 
tration a of chlorine 
from b lea chin g-pow- 
der bottle 


Candle; destroyer 
smoke attack; burn- 
lng-typ« air bombs 


1 green band 
DAI gas 


None 

(17) 


None neceaaary 


None necessary 

Apply copper sulfate 
aolution; pull out 
Bohda 1 treat burn 
With picric acid; keep 
burning part under 
Water until medical 
aid arrives If no 
CuSOt 1 b available 


Incomplete combus- 
tion by naval vessels 


1 yellow band 
CO smoke 


None needed againat 
amoke ; fireprodf auita 
ajtainat burning par- 
tidea 

(18) 


None needed; copper 
aul fate eol u ti on atopa 
burning of particles, 
ae doea water 


Grenades; artillery 
shells; 4-iji. CM; 4.2- 
CM; airplane bombs 
in. 


1 yellow band 
WP enioka 
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Table IV , PROraariBB or Cusmical Acnma 



duiiflution 



CiumiD«r} 




Paniftaa^y 

(winter) 

i 


, Lowaat irritant 
oonoantrattoDf 
mg. par liter 
or OL par 
1,000 cu. ft., 
10 min. expoaure 


Same aa aummer | 


Smoke irritation 
negligible 


Same aa aummer 


Smoke irritation 
negtigible 


Same aa aummer 


Smoke irrltatioii 
negligible 


Same aa aummer 


Smoka irritation 
negligibie 


Same oa aummer 


Smoke irritation 
; negUgible 


None 


1 Nona 

! 


None 


1 Nona 



* This voltiillty At 4,993 nam. He, At 760 mm. Re, the roletility af chlorine i* 3,708 
t Thi» volatility i* 1,180 mm, At 760 mm. He, the volutiUty of pliopci^uo is 4,420 ok. 
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SmoVe irritntiorp neg- Smoke bftrmleM 
tigible f 1 9 ) 



Smoke irritation neg- Smoke haimieu 

( 20 ) 



Smoke irritation neg- Smoke hnrmieBe 
lieibla 

( 21 ) 

Smoke irritation neg- Smoke harmieaa 
iigible 

( 22 ) 



Smoke irritation neg^ Smoke h&rmleu 
lieible 




Sexachlor- 

ethane 

184*C, 

(363»F,) 

-aax* 

(-0T.) 



4fi^, 



DeoompoMB 



13S^, 

(lubUmea) 

(36a"F,> 



135*0, 

(277*F.) 



Volatility, 

20*C, 

(65*TJ 



Nedifible 



N'eeligibie 



oompuvd 3 (jo 0 , 



242,27 
at 25"C, 




Solvent! 

for 



2.&S oi, 0.22 mm. Hg Vapor negligible: 2*0 Alcohol, ether (for 

1 000 eu ft, air diMeminated u hexachloretnane 

a aolid only). 



85,4 OL 8,32 mm. Hg 
1,000 ciu, ft. air 




Htbylcne dicbloTide 



1.91 Strong aulfuric acid 



None 
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Afltion on 

moult 



SUbUity on 
■torAio 



Action with 
wnUr 



HydrolyoU 

product 




Odor d*t«oUbU 
nt per Uur 
or ot. p«r 
1.000 c(i. It. 



CoETDoivo unlcu dry Stable II dry 

( 19) 

Corroaivo unleso dry Stable if dry 



None if dry 



( 21 ) 




Vieoroul oorroBion by Stable in (teel non- 
otnoke^ none by liq-^ tainera when dry 
uid on eteei if dry 



VigoroiiB corroalon if Stable in iteel con* 
wet; vigoiouB oorro- tainere 
«Lon in presenee of 
moisture 



Hydrolyses 


HfSOi and H.80^ 


Acrid suffocating 
smoke 


Hydrolyses 


HtSOi and HtSO^ 


Acrid suffocating 
smoke 


CiClt slowly hydro- 
lyses; mbtture ig- 
nites 


Smoke in air; (ZnCli) 
sine chloride til water 
solution 


Acrid suffocating 
smoke 


Hydrolyses 


Smoke tn air: TiCl > 
SH30;thenHCI and 
TiCOH>4 


Acrid 


Heacta violently 
like strong sulfuric 
acid j 


Smoke in air ■ hydro- 
chlorie add (HCl) 
and sulfuric acid 
(HsSOt) miiced in 


Add or aerid 



(23) 



(24)r 



Fhyiicilogic^ 

action 



Hackint ooucb 



Like eirotig acid 



None from solid; 
slightLy suffocating 
action by heavy 
Bmoke 



Liquid burn! like 
atrong add; vapors 
and smoke irritating 
to throat 



liquid burns like 
strong add^ smoke 
causes priddng sen- 
aation on akin 



Burns like molten 
iron 



Bums like oil 



Protection 

required 



Mtibod of 
neutralising 



Munitions 
suitable 
for use 



American 
marking on 



/ _ \ Wash freely with cold 

t ly ) water 



( 20 ) 



Waeb freely with cold 
water 



None needed 



( 21 ) 



None for ordinary AlkaU; eoUd or solu- 
imoke clouda: gas tion 
masks needed for 
heavy concentration 

^ ( 22 ) 

None for ordinary Any dkali. aoiid or 
amoke; gas masks for solution 
high concentrations. ! 

only rubber gloves 
for handling liquid 

(23) ^ 
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(24) 

Fireproof clothes None 

( 25 ) 



None needed 
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water treaty burn 
with picric add 

: Like an add burn 
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! Like hot-Liquid burn 
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ffjimdntioii in fact, but wiiicb was delibei^atcty disseminated as pro|>a- 
(piiida to influence the neutral nationa of the world a^njst Gennuny, 
just as in the Middle Ages the first use of ^rearms was similarly e3c(^oriated. 

Chemical warfare has been the favorite topic of diHCUsston at inter- 
national conferences because it is a popular subject of condemnation, atid 
one concerning which treaties and conventions can be made without the 
slightest probability of being Jived up to, as was the ease in tlic World 
War. 

Finally, the subject of chemical warfare has been the happy huotiiij^ 
ground for scnsiational newspaper and magazine writem whose ima^iia- 
tioii!^ have furnislied lurid pictures of whole populations being wiped out 
at a ^single blow with poison gas dropped from airplaries* 

in V icw of the general publifc infcereat in this question and its impor- 
tnitce to our national defense, it seemed to the author that it was high 
lime for someone to produce an authoritative American text on chemical 
warfare, and so he reluctantly undertook this task as a patriotic duty* 
The purposes of this book are threefold: (1) to trace the development 
of the art and science of chemical warfare from its beginning in the 
World War to the present time; (2) to present an American viewpoint on 
chemical waifare; and (3) to make available to the public an authentic 
text on a nmcli misrc]i resen tctl and misunderstood subject of great 
importance to our future national security* 

General acknowledgment is made in the reference notos to the many 
sources tb which the author is indebted for much of his material 

Special acknowledgment is made to Major George J* B. Fisher, 
C:hemieal Warfare Sen ice, United States Army, wlio not only furnished 
the chapters on the Protection of Civilian Populations from Chemical 
Attack and the International Situation with respect to chemical warfare, 
>jut also rendered much valuable assistance in the general preparation 
of the text; and to Dr* Arthur B, Ray^ who had charge of the development 
work on incendiaries in this country during the World W"ar, for his kintl 
permission to use material from his work in the chapter on Incendihry 
Agents. 

Many of tho illustrations are reproduced by permission of thi War 
Department, and the diagrams of the German gojs bombardments in 1918 
are reproduced by the kind permission of the British Royal Artillery 
Tnstilution. 

The author is also indebted to Major General C. K Brigham, Chief 
of Chemical AVarfare Sen-ice, whose sympathetic cooperation made this 
l)ta>k poissi blc. 
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INTRODUCTION 



P'rom the dawn of antiquity to the present century men have fought 
tiieir battles by physical blowSj and it was not until the World War that 
The history of organized conflict recorded a deviation from this funda- 
mental principle of battle. 

The blows by which maJi subdued his opponent were delivered by 
hand until his ingenuity devised instruments for adding distance to 
the striking power of the human arm. But the weakness of primitive 
devioea for projecting missiles put on hand-to-hand fighting a premium 
that persist^ dowm through the Middle Ages, The invention of firearms 
at last enabled soldiers to fight their battles at a distance, for by super- 
seding brawn with the propulsive power of gunpowder it became possible 
I 0 penetrate all know n forms of protection and to strike fatal blows from 
a distance. It then became an important aim of tactics to weaken an 
enemy by means of missiles hurled at a distance before closing with him 
to accomplish his final defeat. 

The attention lavished upon various types of guns made these weap- 
ons so tremendously powerful that at last they came to defeat the very 
purpose they sensed. Thus, the fire power of modem weapons of 
impact — machine guns, supported by artillery of variom! calibers — has 
grown BO great that, when properly located in defensive positions, they 
are capable of repulsing every assault against them. Soldiers caTmot 
advance under the withering fires of machine guns and artillery barrages 
without prohibitive losses and any attempt to do so only results in futile 
slaughter. Modem armies are forced to seek protection in trenches 
wo deep and strong as to defy even the colossal power of modem arfilleiy, 
and tactical movement is thus eventually paralyzed. 

This result was foreshadowed in our own Chril War, to be grimly 
demonstrated in the World War. In the latter conflict there were, at 
least on the Western Front, no flanks to be turned. Yet the absence of 
exposed flanks was here no more than proof that, given sufficient modern 
rifles and guns, and enough soldiers to man them, a battle front may be 
extended until it defies outflanking. Linear formations are then rein- 
forced in depth so that substantial penetration becomes prohibitive and 
the task of subduing a belligerent must be accomplished by economic 
instead of military force* 

^ XVI 

In order to counteract the power of modem impact weapons and the 
resulting deadlock of trench warfare, toxic gas finally was resorted to. 
It was iioped by this new' means to restore mo^^ment in battle and thus 
again permit tactical maneuver and fire power to open the way to victory. 

But gas, for reasons 'which we shall presently dbeuss, did not imme- 
diately fulfill these early expectations, although the emuing struggle 
fnr technical protection led to an examination of practically every oom- 
|K>und in the whole catalogue of chemistry that offered any promise of 
military utility and to the actual trial in battle of scores of chemical 



agents. The results, in toto, was chemical u?ar/arc, and the opening up of 
a new field for the itnplementation of military effort. 

History records numerous earlier but abortive attempts to utilij^ 
the pow'crs of chemistry for military ends. It is not within the scope of 
this book to examine in detail such occurrences preceding the World 
War. With the exception of Greek fire, none of them produced impor- 
tant results and none permanently challenged the supremacy of existing 
weapons. They are of interest to us here only as indicating man's eager- 
ness to experiment with any means that promises to promote his fortunes 
in battle and hia final dependence upon technical knowledge to produce 
such means. 

The value of chemicals as war weapons had attracted the serious 
speculation of military minds as early as our Civil War, but no practical 
progress was made in this field because of the then undeveloped state of 
the chemical industry. Many chemical substances having powerful 
physiological eff^cta had already been discovered and classified before 
the oommencement of the World War; a number of these were well known 
and had been manufactured in quantity before the war. It was only 
natural then that these substances were utilised as chemical-warfare 
agents in the war and no new chemical was specially developed for war 
purposes. Yet there is a wide gulf between laboratory research and the 
colossal production needed to supply modem armies in the field. The use 
of chemicals as warfare agents was not practicable, even though the 
possibilities may have been recognized, until the chemical industry had 
attained sizeable proportions. 

But during the decades preceding the World War the chemical indufi- 
try, particularly in Europe, had been expanding apace. A remarkable 
feature of this new major industry was the tremendous development 
of dye production, which during the early years of the twentieth century 
largely centered in Germany. In 1913 the world production of dyes 
reached approximately 150,000 tons, of which Germany controlled 
three-quarters, producing at the same time something over 85 per cent 
of the intermediates entering into tlie finished dyes. When it is remem- 
bered that these intermediate pro^pets may also be used in compounding 

xvn 

military chemical agents and that the dye factories provide both technical 
Hkiil and manufacturing equipment needed for the production of these 
t«ulistancea, the peculiar military significance of this industry becomes 
apparent. 

The basic chemical industries, producing nitrogen compounds, chlor- 
ine, sulfuric and nitric acids, and the alkalies, had attained major proper* 
tions before the beginning of the war, especially in Germany, Thus 
dilorincj which was used on an enormous scale, not only as a war gas 
itself, but aa the basis for the manufacture of nearly all other chemical 
H gents, was being produced in Germany at the rate of tens of thousands 
of tons annually. The highly developed coal-tar industry, as well as 
fadlities for production of arsenic, bromines, and pbosphorua, stood 
ready to furnish important contributions to war effort. 

The immense chemical factories along the Rhine were producing 
these potentials of chemical warfare on a large scale and, what was 
equally vital, possessed the technical talent capable of directing the 
conversion of their products into warfare agents. With the stage thus 
set, it needed no more than the urge of dire mihtnty necessity to insure 
the advent of chemical warfare. 

Not only w’as the military crisis of the mnter of 1914-1915 brought 
about by the collapse of the classical methods of attack so successful in 
former wars of movement, but {as far as Germany was concerned) the 
situation was even more critical because of the serious depletion of sup- 
plies of explosive ammunition. Germany entered the World War u4th 
plans for but a few months of intensive campaign, for which she believed 
that her accumulated stocks of ammunition would suffice. As these 
stocks rapidly dwindled with 'iictory still distant, Germany was obliged 
quickly to mobilize her national industries behind her armies. That the 
great Gernmn chemical industry should have been immediately utilized 
to this end was ine'^dtable; the wonder is rather that the first German gas 
nttack was such a surprise to the Alhee* 

The introduction of chemicals as active agents of war was readily 
nv-ognized as a portent that in the future, military weapons are to bc^ 
forged in laboratories as well as in foundries. Thus, e'^ cn in 1915, few 
r'tudonts of militaiy^ technique failed to discern the dawn of a new. era 
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iti XU<^ bug history of ivarfare. The two decades that have elapsed sinre 
tlic‘ first German gaf= attack at Yprea have not only conEnned this early 
iipprcfriation but ha^ e added greatly to the compi-ehenaion of both soldier 
iiiul scientist as to the role and power of chemicals in war. 

Not only has the introduction of chemicals in war changed the 
chuviicter of modern combat, but it has aJtJo vastly accelerated the evolu- 
tion of military weapons. Thus, more than a <‘entury passed after the 
iintiAi first brought cannon into the field at Cr^y without witne^ing 

Htiijstautial improvement in the technique of supporting artiileryj yet 
vcithin A few years chemical warfare has advanced from an untried 
theory to a recognized principle of modern war. 

Tins progress haa been marked by two distinct, phases. Fir^t there 
was tlie enidble of war — more than three years of fierce struggle that 
taxed the chemical resources of the most highly industrinlizcd nations. 
'HicTi followed the postwar period of evaluation, research, and assimila^ 
tiou. The latter phase has probably contributed no less than the former 
to the early maturity of this new arm of war. 

Notwithstanding the remarkable results achieved with chemicals 
fim-iug the World War, the means and methods employed in that conflict 
apin'Ar as crude and feebie beginnings when viewed in the light of our 
rwesent knowledge and our cooler conceptions of the future. As we draw 
away from the late war we apprehend more clearly that the potential 
power of chemicals was then only dimly foreshadowed. Today wc realize 
that all nations are facing and powerfvil instrumenfnlities involving 
(IS profound changes in tiie art and science of war as were brouglit about 
by the invention of gunpowder. In a word, armies have already 
advanced well into the era of chemical warfare. 

3 

CHAPTER I 

BASIC PftHTCIPLES 

COMPARISON OF CHEMICAL AND EXPLOSIVE WEAPONS 

An understanding of the true character of chemical v-arfare can best 
iic approached by a consideration of tlie action of combat chemicals a< 
('umpared to that of explosive weajxnis. 

Certain important differences betw een the effects of chemical and oi 
explosive munitions emphasise the peculiarity and novelty of chemica! 
warfare and suggt^'t some of its potentialities. Thei^e differences are 
jiarticularly noticeable in the mechani^^m of the action of chemical agents 
and their effects in terms of time and space. 

Chemical substances used in war for their direct physiological or 
chemical effects are called chemical agents. A chemical agent does not 
exert its effect by direct physical impact upon its target, like a rifle 
huliet or a shell fragment. On the contrary, chemicals may be liberated 
in place, depending on wind to move them to their targets; they may Ik* 
transjjorted to a point of release over or on the target by airplanes or 
wheeled vehicles; or they may be carried to that point in projeetiJes. 
In any case, the container is merely a conveyance for the chemical agent. 

The effect of a chemical agent then is derived from the reactions 
that take place after the agent is freed from its container. Tactical 
and technical considerations indicate the point of release; natural forces 
then complete the processes of dispersion and ultimate effect. Herein 
lies a fnndamenta] difference between chemicals and explosives. 

Also, cliemicals do not strike a physical target — they pervade the 
Jitniosphcrc over an area. The area may be wide when a volatile g^s is 
<lispcrscd, or it may be restricted to a few acres saturated with $ lowly 
<'vu]H)]:ding liquids. Yet always the effect is as permeating as the active 
range of the component molecules. 

In cojitrast to this wide distribution of effect characteristic of chenh- 
cals, Jet us analyze the action of high cxplo-dves. As the high-explosive 
'^hcll detonates, its effect is derived from the concussion of the explosion 
^md from the striking force of flying fragments. This action, however, 
docs not extend beyond a relatively small area surrounding fJie point 
hurst. Even witliin this danger area, of two soldiers standing side by 
ride, one may be killed and the other esca]5e unharmed. 

Such uncertain and iin control! able results are impossible with gas. 

\\ hen ga:4 ia released everyone within its compas.-? becomes egucUli/ 

1 r. _ 

exposed to its effect. The soldier may counter that effect will) artificial 



protection, but otherv^'ise he cannot escape it e\’en though he is some 
distance from the point of release, for gas saturates the entire atmosphere 
oi^erlying the target area. 

Again, in the matter of liTnCf gaa offers a striking contrast to weapons 
of impact. The effect of the rifle bullet is instantaneous; a second after 
the bullet strikes it is spent and harmlesN. But e^'en the most fleetijig 
gas clouds are effective for a matter of many minutes, while persistent 
cliemicals may continue to contaminate an area for days. 

Another unique characteristic of gas is its searching effect. A 
hastily dug fox bole affords individual shelter from machine-gun bullet.-?. 
A copse of trees may well protect a whole company of infantry from 
artillery fire. But gan follows no narrow trajectory; it permeates the aii 
and overcomes all incidental obstacles of terrain to stalk its quarry 
relentlessly. These distinctive features cojobine to enhance the pf>wer 
and utility of chemical agents, particularly in their action against 
personnel. 

Before examining the basic principles underlying the science of 
chemical warfare, it is important to understand the meaning and usage 
of certain technical terms. 

DEHNITIONS 

We ha’^'c said that chemical substances used in combat are designated 
8£ chemical agents. Of these agents, three distinct groups — poiMis, 
BTutokcSf and incendiaries — constitute what is generally understood as tlic 
materiel of chemical warfare. 

Goees are chemical agents which produce physiological effeetj^. 
These agents are used in war to incapacitate military personnel. Physi- 
cally they are often dispersed as liquids and not infrequently as par- 
ticulate clouds; yet the term gas has attained in military parlance a 
generic meaning that embraces? any chemical uj?ed for its direct effect 
upon the human body. A gas which produces death is called a lethal 
agent, wliile a gas which, under field conditions, does not cause death or 
serious cflBualties is an irritant agent. 

A snwke agent, as its name implies, is one capable of obscuring Wsion 
in sufficient measure to afford concealment. It incidentally burn or 
corrode, yet primarily it sefeene. 

Incendiary agents start destructive fires, igniting even materials that 
ordinarily are slo^v to burn, 

A toxic is any .-substance w’hieh, by its direct chemical action, either 
internally or externally, on the human or animal organism, is capable of 
destroying life or seriously impairing normal body functions. 

Toxicity is the measure of the inherent poisonous effect of a chemical 
agent and is the product of its concentration times the period of exposure 
10 its action. 

Lacrimolors cause intense, though temporary, irritation of the eyes; 
they are commonly known as tear gas (see Chap, VJ). 

Lung ifijuraTi/j are those gaisett that particularly attack and injure the 
bronchial tubes and the lungs. The ^^injurant^' gase!« are quite distinct 
from ^'irritant” gases; the former are highly toxic and fre<iuentiy lethal 
in action, whereas the latter are characteristically nuniefhkl and include 
;<enerally lacrimators and sneeze gases (see Chaj), 

Systemic toxics are substances which by systemic action (*xert a direct 
puralyzing effect upon the heart and nervou.-? s 3 stem. The^* are (usually 
the most deadly of all gases (.see Chap, VIII). 

are agents which exert a blistering (\esifraiit) effect upon 
the skin (see Chap. IX). 

Irritant gases (sometimes called sneeze gases or stematafars) attack 
the naaal passages, causing nausea and headache of a few hours' duration. 
They are never lethal in concentrations encountered in the field (see 
Chap. X). 

During the World M ar, code syinlxils or names were ust^l 
tu designate the various chemical agents employed, i^ithout revealing 
their chemical identity. The symbols were u.sually two or three letters, 
arbitrarily chosen, to designate the chemical agent, and the names were 
generally fanciful and were derived from some place or event incident 
to the first use of the agent. As mo.-?t substances used as chemical agents 
were complex compounds with long chemical names, the abort symbols 
and name« pro^-ed I'ery convenient in referring to the agent and came 
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into general e^'en inhere secrec3' not esj^eiitiai. In tlie rourMe of a 
^hort time, the chemienl identity of tlie agents used on both slides* in tlio 
war became generally known and the code symbols and tiuints lost their 
secretly ^alue. They are, however, it ill employed as a unit ter of t*oii- 
vetiienee in preference to the cheinical names of the compounds. 

Table 1 showfs a list of the prinrii>al ehemieal agents used in the war 
and thc?ir code sj-mbols or names. For eonveiiience, chemical agents will 
generally be designated throughout thl® text by their symbols, as indi- 
cated ill Table 1. 

Concenlratiojt refers to the quantity of chemical vaiK>r present in 
a given volume of air. It is expressed in four ways, as follows: (1) 
as parts of gas per million parts of air j (2) as grams of gaw per cubic meter 
of air; (3) as milligrams of gas per liter of air; or (4) as ounces of gaJ^ per 
thousand cubic feet of air. 

Numerically, grams per cubic meter is the same as tnUlgnims per liter, 
and is almost the same as ounces per thousand cubic feet; all these are 



Tabu: I.— NoittNCLArura or Ch*i( 1 cal Aa»rra 





rh«iqiul 


Envlith 


1 Amcri»ii 


French 


1 Gctri&Btt 


CbrmirKl ii»mr 


formula 


H.IM 


1 CWS symbol 


nunc 


UH 



Gun 



Aprol«n 


CHiCHOHO 






Pa pile 





ArwnLr irivMuridt 


AaCI, 


— 


— 


Miintte 


— 


B«niyl Ixrainidt? 


C,Ei,CH,Ur 


— 


— 


CyHlte 


T^toJI 


a^niyl iodidr 




— 




Frauait# 


— 


hroiDiit;etoii« 


CHjOOCH^TJt 


bA 


DA 


MBrlomte 


D -Stuff 


Hroiiiheniy] cycniii*- ■ ■ 


CilIIiCHUtCN 


— 


CA 


Camile 


— 


Kroraint 


n^^ 


— 




— 


UnjIn 


Krvmmf-thylt^thy^ 


CHiCOCHDrCHi 


— 


— 


HomcinBr- 


Bn^uff 


Ourbonyl rhiorid* 


COCl, 


PhiMKeln- 


ca 


tccite 

Collansii' 


11-Stoff 


Cktlori^rlonc 


CHjCOCHrOl 


— 


— 


Tonttt 


A-Sloff 


ChlorafciupbenoM 


C,H.COCH,Cl 


— 


CN 


— 


— 


CblfmcrtoptMnuiH .... 
ClilororarDi 


CIJCL^ > 





CTNS 


— 


— 


Clilorplcrin 

Cblorins 


CCLNOt ) 

Cl, 


CLdorilK 


Cl 


Berthulh* 


Chlor 


('hlorpioin 


CCIjNOj 


Vcunitlni 


1>S 


Autiinite 


Kinp 


Cliltxrv] nyldiehlornraiiM 


CUCICHAaCl, 


Lcirnttc 


M-1 


— 


— 


Cycnoyielfl brffmid* 


CNBt 


CD 


— 


Campellit 


Ce { A UH trian 1 


CyuuDpcb cHprid# 


CNCl 








<]|4tlUD| 

Vitrile 


— 


DianiEidin 




— 


— 


— 


X 


Dibfomrthyl iulfide. . . 


(BrCacnilrS 






— 


brotnloHl- 


Dibrommctbyl ether . . . 


(CHiBxJrO 


— i 


— 


— 


X 


Dichlorethyi Kulfidv .... 


{CICH,CH,>,S 


Muetard gai 




V peril* 


Lual; ahiu 


Oichlormethyl . . 


<CH:CI)*0 




_ i 


— 


Yelicnr Cl^Hh 
X 


Dimethyl 






— 


, Ririanitp 


I>-Ptuff 


CHpbenylfl ni McKlorar- 

HDE 




A(LumBit« 


DM 




— 


T ItphenylrhlorcrtiliC - - - 




— 


DA 


— 


Cldrli I 


nipheio'leyu [tars tne . : . . 


(C*HJ;AbCN 


— 


CDA 




C'l^rk IT 


1^1 hylhrocutf^tutt 


fUjUrCOOCtHi 


— 


— 


X 


— 


Eihylenrb&iol 


^CiHOiNCtHt 


— 


— 






KthyLctihronuTBilir . . . : . 


CiH^AbBie 


— 




— ' 


\ 


EtHyldlrhlofb r*i lie 


ClH^CIr 


— 


t>D 




T>Ltt- nUth 


ElhyjiMMretBte 


CH*IC.'Ot>C:Hi 


SX 






f.Ini-n ( '1-iwH- 


El liyl*ulfuryi chloride . 


C1 SOiOC:Hl 


— 


— 


Sulvtiute 




nyulrnrycnic crid 


HCN 


JL end VN 


— 


ForcaUl* 


— 


TodyCPetosiP 


GHjTOrHil 


— 


— 


BretfHiite 


— 


M^thyldtphlnrbnine. . . 


CHaAr-Cl: 


— 


MD 




Mrthyldlck 


M ethyliiiilf uryl rhlori<le 


nSOrOCH* 


— 


— 


— 


X 


A1 QDoeMormeiliylthlo- 


cicoocnrf:j 


— 


ST 


P*bte 


C-St«ff, 


rafommle 

I'crch] ormethylUcrCBP- 


BOCl- 








Carbontetn- 


K^loff 


tan 

Vh e u y 1 ca r by La nti n c 
chloride 


c.HiCNa, 








cblonulfld* 


OrMuCrom^l 



FhenyldibramarutDe . - . - 1 


^ i 


j — 


— 


X 


FhenyldichloTB nai be . . . . ' CiH,u4jC1i 


— 


— 


Stfruile 


Blue Cruw-l 


Ti^i^huHnene CSCl, 


Thtupho*- 

Jfeiw 


“ 


Laarjinute 




Trichlnimethylcblor^ CICOOOCl* 
formate 


Diphoeienc 


“ 


Snrpalile 


PehaTOff 


.\yly] hrtpbiido CHjCaTlfCHtBr 








T-Sluff 



SlDoJllH 



Critlomulfutiio a«id 


; HCISOi 


X 


■ X ! 


X 


X 


Hydrotatbon* 




Crude Dll 


CO 1 


— ' 


' — 


Miet. eulfur, pitch. 


XNO* + S + C + 


Type milt* 


Type S nix- 1 


— 


1 “ 


borar. Bhd rImc 


1 XathO-i + flue 


tune 


ture 




1 



l4iliobti tetrnehlflride. . . 


SiCl* 1 


— 1 


” i 


— ; 


X 


b^noio cliloride 


StlCInl 


KJ I 


KJ 


Op«ci(e i 


” 


Sulfur trioXide 


so* 


— 


— 


i 




Sulfur trLoxIde + chi or- 














fiOl + fiO*HCI 


i 


Fri 


X 




Sulfuryl rhtofide 


SfOd^lt 


— 


— 


X ; 


X 


Tit4UiiT}iii t r t ruchlfja’ide . 


TrCl± 


— 


FM j 


Fumeriwrite 


F-Sii]ff 


Wlurc ph{H;phorU>‘ 


P. 


WP 


W 1" 


X 1 


“ 


Zipt, carbon Icirufhhi- 


Zn + rCl* + NHe 


— j 


BM 


“ 1 




ride oniinumum cUu- 


f:i mbOO; 


i 








ridf. anri maRPevuzA 


1 


; 1 








cfirbomite 


1 


j 1 








A nr pLu!- oarbuh Ictra^ 


Zii + CO* -I- ZiiO ' 


— ! 


— 


; l^etgrt Mis- 


— 


tldoride plus line 


+ kievelRubr 






lure 




oxide plus kimelRuhr 












Zine plua hexachlure- 


Zii + Cd'l* + ZhO 


" 1 


HC 


— 




tbuie and eiitC oxide 


i 


1 1 










Lncrruliarita 


\ 

Kuriuln ni( tnie, moflne- i BuNO* + Jl? + 


Ilie*-Ikdiiiry , 




1 _ 


; “ 


Hium. aliil Liweed otF 


I liiiFeed n^l 


mixi ui e ! 








U:iriuUi pt^roxide plus 1 DaOj -► Mb 


lm,iH-m3 tcLiTi' 


X 


I — 




m,'i£npHU''.ni 




pvwrlei 








ModLfi4>d Uirrmite 


3Al ’f fillnSOr + 


ModiSe<l 


X 








SFciO. 


tliermile ! 








PotaiVEum perchlorate 


KCJO; ri" C*Hft'4? 


InrriKlmry 1 


— 


- 




Bird pitrEfhn 




mixture 1 








Sralium 


N(i 


I Sudium 


\ 




\ 


SEdiilJBed liy<l rGfnrb™w 


1 — 


1 Solid ml 


— 


j 




SiiLfur thermile 


; e vi + 3FeiOi + l^s 




— 








• SM 4- AFeiOi 


: Thrt-niile 


Th 




X 


White phofphorut bi 


1 


i Iitflamnuable ; 




1 ^ 


— 


cartiuh diMilfidr 


I 

i 


1 U[|uid» 1 




i 





X duiDtt* «mrkvin*(il without nptciti mBW « lymbol. 
— dtbOH* ntniwiplqymtnl. 



ratioH between jxteighi of gaa and tfolunie of air.. On the other band, parfa 
ptT million is purely a volumetric ratio and differs cHscutially from the 
(it her Limn; rntios, in that the molecular weight of the ga« must be taken 
into consideration. Aa nil four of these ratios are met with in tlic^ 
litendurc of pharmacology, toxicology, and other branches of science 
closely allied to chemical warfare, it iw frequently necessary to convert 
one expression into another. Mathematical formulas for doing so are 
given in Appendix A. 

An tVn’(afin(jf concentration is one which produces an irritatd c^ffcct. 
u]>cm a man without injuring his body functions or seriously impairing Ins 
working efficiency. The lowest irritant concentration is often called 
the threshold of action or threshold eoncentralion. 

An inioUrahle concentration is one which cannot be withstcjiMl for mon> 
than a very limited time without aerioiis derangement of some body 
function. As applied to lacrimators, it is usually Kynonyivmua with the 
maximum concentration in which a man can maintain his vision without 
masking. 

A lethal conce7iiralitm js one winch the average uuprfitectc<i man eannfit 
survive after a definite brief period of cx]>o»ure. The immerical value of 
the lotlial concentration decreasrs as the Ihne of exposure incre^ls^’fl. 

VtdfiHlity refers to the capacity of a liquid to change into vaptjr in 
the open air. Quantitatively, the volatility of an agent is the amount 
held as a vapor in a unit volume id saturat^^l air at any givers tempt>ra' 
turi' )iiid T^repwu^^ Volatility incretises witli teinja-raturc. If the 
volatility of a ciminical eonipuurnl is c<)iist(h:rHbly greater than its lethal 
concentration for a lO-iuinute eJciMJsure, it is |Missibie to set up killing 
concentrations under field conditions and the .sulistance is a casindty" 
prwlucing agent. For relation of volatility to vapor prcwsnrc, see 

Apt^mdix A. 

H ydrtilyAis is the refaction of any cl leii li cal s^ il istan ce with wat or 
wdien^hy new compounds are created. Til is i.s a reaction of great im^ior- 
tani'C in chemical warfare, as many chemical agents arc rendered iiarmlraK 
after a time by hydrolysis. If the hydrolysis jirodnct is itself a jioison, as 
is the case with all agents containing arsenic, cousi<lcrnble effort i.s 
required to neutraliM! tlic ageut effectively. 

Va^xiT /'rcjjjSMTV. ’“Evaporation is constantly taking place fr^un the 
ex|Misc<l surfaces of all liquids and volatile poMds. The pressiirc exc»rtc<l 
by the escaping vapor is eallwl the vopitr tension of the lic|Utd or solhl 
When its vapor tenaion equals tlie surroimding atniosphoric pressure, 
u 1iqui(J ts said to boil and a solid to sublime, for at that temperature its 
vapor is able to Uft the air above it and so freely escape- At all tem- 
peratures below the boiling point of a liquid or tlie subliming point of a 
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sftlid, tho vftpor tension of the substance is less than atmospheric pressure. 

9 

BO that the escape of the vapor U opposed by the sturounding air* Much 
of the vapor Is thus forced back into the liquid or solid. Under these 
conditions the vapor is in equilibrium with the liquid or solid. A v^apor in 
equilibrium is said to be saturated^ and the equilibrium pressure is 
called the vapor prweure, which for a given substance depends only on 




peniiiit«nt (HH) 

the temperature. K the vapor is not allowed to aceuimilato over the 
liquid or solids it will remain imsaturatcd, equilibrium will not be reached, 
and the liquid will gradually disappear by eva|>oration. This is the 
usual case viith chemical-warfare agents that are dispersed over the 
tp^und as liquids. No general relation is known connecting the vapoi- 
PresKure and temperature, but curves showing thi.s relationship have 
determined by observation for a great number of chemical sub- 
la 

stances that are liquids at ordinary temperatures. For purposes of com- 
parison, the vapor-pressuro- temperature curves for two of the most typical 
chemical agents, including the curve of water, are shown in Chajt I, 

Persistency is the length of time a chemical agent remains effective 
at the point of its release. If a gas remains in .sufficient concentration 
to rcMjuirc protection of any kind at the end of 10 mimdes, it is cla-ssetJ an 
persislcnl. If the concentration at the cud of 10 minutes is too weak 
to rcuiuire any protection, the gas is classed as nonptTsislertl. "niis 
1.4 the American rule, but is not the same in other con ii tries. In .Home 
foreign countries three classes of perwi.Htemsy arc recsogiiizcd, hh follows: 

Nunpemiatciit. 

Mudcratcly persistent. 

Very persistent. 

In f^uch chuisifientions the non persistent class is cssenbtaMy the same 
as ours, while the moderately persistent and very persistent chiHses arc 
in reality sulidLvisionB of our [>crsiMtcnt c1io<h. The luJvuntrLge of such 
subdivision of the persistent clasa of gases i.s not apparent, os will be 
brought out in our further discussion of the subject of [xirsi.Htency. 

The most important proptTtics of a casualty-producing gas are 
hixicity and pi:rsisteney, for ujxm the first diqjcnds its iidierent (siwer tf> 
ihcatmcitate, and upfm the second depemls the extent of time during 
which the gas is effective in the field. The persistency of a gas alsfi 
measures the length of time that must ehq>HC before urijjrtitectcfl tnio[)« 
may occupy infected groundj thus it greatly influences the proper 



tactical use of the gas. As loxicity and lUTsistenc^y arc in>t simple 
pi\}]icrti('s, but are fimctiona which involve several other jiropertios of a 
gas, they will be further considered at this |>oiot. 

TOXICITY 

Chemical agents have a wide range of toxicity, varying fi-om simple 
lm:al irrifation, such as hicrimation, to fatal systeniir [KUsoniug, sis 
fmrn hydrocyanic acid. The measure of this bixicily, in terms of phy.ni- 
ologicnl read km, may ho dotermincHl with ronsiderahin sdcnl ilit: .ai^iurtii'y, 
not only within the hilwratory, but also under the widely varying 
nmdltioii.4 eiKwinteretl on the field of battle. Toxidtios, thus i^si.ab- 
lislitxl, furnish aerib^rion by which the most itiqMn tarit agents of chemical 
warfare are judgerl and thdr tiictical uses formulatr^l. Sims; a general 
knowledge of the toxicity of agents ia nc<a'ssary to any eoruprehciisivc 
study of chemicals in war, a brieT survey of the .subject Is preHotited at 
this fniiot. 

At the outbreak of the World War, German si^ifuitific nwe^areh hatl 
prothiccd, ns a by-produet of their clicmical indu.Htry, extensive data 
on llie toxidties of chemical suManct^. From those <laU, many 

11 

diemicaJ compounds were selected and tried out m military operations 
Iwtw'CHJii 1915 and 1918. The majority of these substances were eventu- 
ally discarded bw^ause the actual results obtained in the field failed to 
measure up to theoreiical expectations. Yet the experience thus gained 
n<it only increased knowledge of the absolute toxieitira of many cliemical 
compounds, but also ]iermittcd the formulation of definite relation.n 
between the various factors entering into the problem, so that bask; 
principles could be deduced and the whole subject established on a 
sdeotific foundation. 

While the .study of this field of toxicology ha-S, ^^incc the war, engaged 
the attention of scientists generally, the interest and talent devoted to 
this subject in Germany continues to command respect. It is, therefore, 
}jclicvrd that the German vicwjMjint on toxicity of war gases deserves 
f'onsidcration and we accordingly follow ’irith some freedom the jjreseiita- 
tions of German authorities in this field, notably those of Drs. Haber^ 
Flury^ Meyer and Busch cr. 

The effects of chemical agentfi upon the human organism result either 
fixjm iiitenial contact, a.s inhalation, or from external contact with 
various bo<ly surfHces, Chemicals such as dichlordiethyl sulfide (mustard 
gas) combine ln>th of these types of effect. Yet the two must be 
!ipproachc<l iiidcjiendeutly before cumulative toxicity may i>e quantita- 
tively determined. 

Oomsidcrlrig first those agents whose va|njrs when inhak^ produce 
deleterious inb^mal rcactioiiH, it is found that a definite ndat.ioii exists 
between the concentration of vapor piywent in t lie air, the amount of .such 
contamiiiaW air that is admitted into tlie body, and the toxic effc('t 
pixtduced upon the Iwidy. Thi.-? relation has been csHtablished by Haber 
tis follows: 

Most toxic Kubslaiiccs on contact with the body rcAct chemically 
with the living tissuc.s and destroj’- them by forming chemical comhina- 
iions therewith. The degree of intoxication or jwisonou.s effect is 
protK>rtional to the chemical reaction of the toxic substance on the body 
li.HSues. This reaction is a function of three indejMmdciit variables: 

1. The time of ex^x^ure to the toxic substance. 

2. The con ecu flat ion of the toxic substance. 

3. The concentration of the living material (bod}’ tissues). 

Let c = the concent ration of the vajMjrs or droplets of the toxic sub- 
.staiicc in the air, c\t>rcssed in milligrams jmt cubic meter, 

V = volume of air breathed in, t>er minute, 

t = time of exjjosure to the contaminated atmosphere, in mimiteti, 

G = weight of the body, in kilogram.s; 
liien the quantity of poison inhaled and generally retained in the Ixjdy 
wfuild he 12 

ctv (1) 



a4id the degree of intoxication or poisoning, /, is 



/ 



dv 

Q 



( 2 ) 



Death occuTB when the degree of intoxication, /, equals a constant 
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critionJ limit, TT, which ifl wpcdfic for each 
loxie subwlaiice, t.e., when 



cfp 

IT 



W 



kind of animal and for each 



(3) 



phenomenon it is neoeasaiy to insert an elimination factor,” c, in the 
Haber formula, which then reads 

(c-e)Xt^W (5) 



In general^ the nniotint of air inspired per minute U proportional 
to the body weight of the liighcr animnla, so that the ratio v/G is con- 
stant for a given species and may be written as unity for the purposes 
of comparing the toicicities of gases on the same kind of animals. Then 

d - F (4) 

'rhe product ct ^ W is called the product of morUdity {T&dUch- 
knUprndiikl) or the lelhol tnrfci of the particular toxic substartce for the 
given animal This product W varies inversely as the toxicity of 
the toxic substance, ue,f the smaller the value of F, the mbre toxic 
is the Hubstance. 

By taking a large number of observations on various an i mala cxponcfl 
to constant concentrations of toxic gases for definite periods of time 
under carefully controlled conditions and tabulating the mortality 
results, it has been found tlxat the relation between the minimum lethal 
dose and time of exiiosure follows a definite curve for each toxic gun* 
Chart II shows this curve for phosgene on dogs and expresses the con- 
centration required for each length of exposure in order to produce death. 
Such curves are generally known na toxicity curves and the form of curve 
shown in Chart II is typical of all such curves, and illustrates the tr^ 
memlouM increase in concentration required when the time of exposure is 
reduced below 10 minutes. For this reason, it is customary to base 
relative toxicity figures on 10 minutes for short exposures and 30 minutes 
Uir long cx leisures. 

UlHin examining internal physiological reacjtions to toxic vapors, it 
apj>rara that some differentiation must be made between those silb- 
stances charaeteriEcd by local effects as distinguished from those that 
induce general ayatemic poisoning* Compounds of the latter cat^ryj 
such as carbon monoxide and hydrocyanic acid, are iii part neutralised 
by certain "physiological counteireactions, and thcir rcactioms with 
the hotly tissues are reversible up to a certain point. To allow for this 

13 




Hero the relation between c and e demands a critical density of con- 
centration below which s 3 rstemic |»o(sons are noneffective^ and the 
absented data confirm this result. 

In accordance with these formulas, toxicity data are ex]ierimen tally 
determined by closely obsendng the physiological reactions of test 

nnimalE under careftilly wntrtllid experimontal condition*. While the 
effects on the higher animnls nre not in nil cases (il>soliitply twriiltct with 
Imman reactions, they do fnriiish vnliiabte relativo loxieotogical tlalti 
as between various ciicmieal agents. The following table iircsonts lethal 
indices so computed for certain wdMcnowti etiomicai substances, 



Hklativk Toxicltv vho» Iniiai.atkin 
(AFIct Halwr) 

IrrevtTtihlf Heaeiutw 

Ap'id 





Utwini^c', 

Mutttiinl 

Ch^priurnn 

KlhylHulfiiryl 

Kthyhlii^hlcmnthic ’ ' 

Iii by IhroM 

Plioiiyl<snrliylimuJ*t' 



Ik^iKyl 

McthyhlH'lilfiramiiu' 



Diphcnylciilorarsinc. . . , 

B jjjhctiyli'yftnftTfiiiip 

* 

Clilomcctophrmune 

tkitiKyl liTomidc 

Xylyl 

KTam1)fi[ii;yL cyaiiUle 

CtilofinOr . - 



1/^tUid IniUfx 

m 

5oa 

l.ftMi 

2,0(K1 

3^000 

3 ,noo 

3,000 

3,000 

3,00U 

3,ft00 

3.000 
4 . 00(1 

4.000 

4.000 

4.000 
0,000 
0,000 
7,500 
7,600 



Hydrm^yanic 

Carbon mciiiOKidti 

*Th(t iiuji™ o\ tlip ViMfmit pniinni d»(tpnd WPV" 

iwwliicv « X I f« th™ MmjMHinilri U Itenvior* not c>*pn*Unt. 



1.000-4.000* 

70,000* 

nii'iir*-' irf ttnin^ptlmUnh d, (tmi tli* 



From the above table it appears that fatalitiiw it'sult fropi normal 
inimlation fur 1 minute in an atmosjihvre contaminated with a cum’cn- 
tration of 450 mg, of phosgene jjct ruhic meter of air, 1'he ihNMlhiU’Ss 
of ngentii of the phosgene tyi>e is further cm jduiaiKccl by the ftmt that 
they may be equally efftwtive m smaller (|Uiinli1ic-s when mliah'il over 
longor limfHls, which does nut hold line with llic systemie toxics, wieh 
ON hydnicyanic acid and carlxm monoxide. In tlm ciusc of ^ 

absolute quantity of vapor required to jmalurc death {toxicity index 460) 
is about 3.6 mg., based on a normal inspiration of 8 liters of air per 
minute, or 8 X = 3.0. Generally speaking this quantity of 

phosgene vapor introduced into the lungu will, as Flury (5) indicates, 
cause death even when inspired^ more slowly in a concentration corre- 
spondingly lighter than 450 mg. per cubic meter. The absolute quantity 
of hydrocyanio acid, according to the foregoing toxicity index, averages 
20 mg.; but as dilution increases, the toxicity of gaseous hydrocyanic add 
falls off rapidly, until at 0.03 gram per cubic meter the human orgaiusm is 
able finally to counteract wholly its toxicity; thus <^n«ntrations below 
this strength become actually innocuous. Consider] ng the extreme 
volatility of carbon monoxide and hydrocyanic acid, and the resulting 
impracticability of creating effective concentrations of their vapom in 
the field, it is eddent that these chemicals, while commonly regarded 
as highly poisonous, are unsuited to military usage. 

The foregoing toxidty figures must be accepted T^dth reservations, 
os they apply to one set of conditions only, i.e., to one animal (the cat) 
and to one rate of breathing. While experimental determinations of 
toxicity on animals yield valuable relative data as to certain classes of 
Uixic agents, these daU cannot always be applied to man, because 
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rprtaiu animals are more sensitive to certain gasCs than man and othecs 
arc less so. Also the rate of breathing is a very imtx>rtant factor. Thus, 
a man at rest breathes on an average about S liters of air per minute, 
but, if he is exercising moderately, be will breathe 32 liters of air per 
minute, and with violent exercise he ^ill breathe at a pioportionally 
greater rate. Hence, when exposed to a toxic atmasphere of a <Jertain 
concentration for the same length of time, he will take in four timee as 
nuidi poison la hen moderately exercising when at rest* Body weight 
is another factor, for, in general, the larger the body, the greater the 
amount of a toxic substance required to produce the same degree of 
intoxication. Because of these fetors, it is more accurate to state the 
spetific amount of the toxic agent that ^411 cause death when iibsorbcd 
into the bodj\ But such a criterion is impracticable of application 
in the field, and so an average constant concentration is a.ssumed over 
a fixed time of exposure— usually 10 to 30 minutes for nonjicrsistent 
gases. 

For comparison with the Gennan toxicity data presented in the fore- 
going tabulation, the American data in the table on page 16, show the 
q u anti ti es of gases req u i red to prod uce fatal effee ts on 1 0 mi n u t cs ' ex posu re . 

The U'ldc discrepancy between the German and American toxicity 
data is strikingly shown in this tabulation. This discrepancy has been 
attri belted to ’^'arious causes, such as that the Gennan data were based on 
eats, while most of the American data were based on dogs and mice; that 
latp are peculiarly .susceptible to some gases and resistant to others; 
that the eat^ used in the German tests during the war were under- 
nourished, and therefore less than normally resistant; that the degree of 
activity, and therefore the ratot of breathing, may have been widely 
different in the Gcrriian and American tests. While the subnormaj 

to 

condition of the German test cats would tend to explain partialiy the 
generally hiKher toxic effects obtainerl in the German experiments (/.c., 
generally lower lethal indices), none of the reasons advanctxl arr' suffi- 
cient to explain the great number of widely divergent rei^ult.s* 
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One of the difficulties is to he found in the form of the ob.served 
toxicity curve shown in Chart II. By selecting various times of exptisiui'e, 
finding the corresponding minimum lethal doses from the curve, and 
multiplying these figures by each other, wc obtain the variations in the 
lethal index for phosgene sh shown in the table on page 17. 

Thus, by increasing the time of exposure from 2 to 75 minutes, we 
find that the lethal index increaHee threefold, whereas, according to 
Haber^s formula, the Lethal index should remain constant, irrespective 



of the time of exposure. The theoretical toxicity curve for plio.sgene, 
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according to Haber^s Formula, k sliowu in dotted Jiues on Chart II, based 
[>M American data (t.e., 0*6 mg. per liter on 10 minuW exposure). A 
^'(imparisnii of the two cur\-^es on Chart II shows that, while the observed 
(lata folhnv in general Haber's Formula, there k not a sufficiently close 
iigtt'cment to maintain a constant lethal index. 
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While the difficulty mentioned in the foregoing paragraphs^ would 
EUTomit for .'such differences in the lethal index as are shown for certain 
:igeuts, such as ethyldichlorarsiiic, phenylcarbylamine chloride, and 
melhyldichlorarNiiie, it is altogether inadequate to explain the other 
liirge discrepauciv.^ sho™ alwve, whicli in many cashes are as Timch as 
tenfold. 

Many chcmical-warinre agents are not fatal in concentrations encoun- 
tered ill the field and their combat value is due to their irritant action 
on the ktdy. One group of irritant substance? act primarily on the eye?^ 
uijfi arc commonly known as lacrittuitorv; others attack the nose and 
throat and are generully termed rt'spiratory imfants, or sternutolorR: ii 
t'‘w hiivp si>eciul selective effects against other organs suph as the eiirs 
riiTFmxi hibjjnnlhic agents by the French). Al.-^o many lethal agents 
Jjjiur ill! irritant effect far below their lethal concentrations. 

All initant agents, regardless df their special physiological action, 
have an Tnfolcrahl^ limitf which means the maximum concentration thai 
iiu Hupmtrctefl. man can ciidui^* without physical Incapacitation, for the 
|wTmd of time con.ddered. Usually this period is 1 minute. 

The intolerable limits for the majority of irritant agents as dHermim ^l 
by iuv<Mi gators in different countries are in nuidi closer agreement than 
loxicity determinations, moi^t of the differences being well within experi- 
mental eri'or. 

The following tabulation ?hows the intolerable limits of the principal 
'T’ritiuft ngf lUs and agems of other^Ha.sw? having an irritant effect ; 
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CyiinOfftii bron^ide 

Cyiijicgfii ehloriile 

Perr hloniiet hy 1 n pt an 

Chlorine 





Of the^e oumpound^^, diphenylcyatiaraine apt^firw tt> exett the greatest 
irritant eifert, since only 0.00025 mg. of this gas per liter of air is intoler- 
able after 1 minute^ and 0.00000001 gram per liter of air prc>ves decidedly 
disagreeable. 

From what has been said above, it ifi evident that high toxieity, while 
ftri important factor, does not solely determine the utility of warfare 
gases. An irritant agent of even low intrinsic toxicity becomes extremely 
effective when not countered by the protection of the gas maskj so 
that some sacrifice of toxicity value b clearly warranted if thb 
serves to eircumvent or increase the burden of protection. Thus, 
forcing the enemy to mask frequently becomes an end in itself, 
which is attained positively and moat efficiently by the irritant 

non lethal gases. 

* ID 

PERSISTE5CY 

Persistence is, in general, an expression for the length of time during 
which a chemical agent remains and exerts its effect on the place where 
it has been releaaed. The physical properties of a substance are nearly 
always the determining factors in its persistence. 

In considering persistence, we distinguish two groups of chemical 
ugents: 

1. Pure gaeeSf e.g.f Cl and CG and toxic smokes (DA and DM). 

2. Ldguids and aotids^ e.g.j HS and M-L 

111 the case of substances of the first group, the entire amount of the 
( ojnbat c hemical is distributed over the target area and there is none on 
the ground in liquid or solid form. If it is later deposited on the ground, 
!is b stmietimes the case with toxic smokes, it plays no important ™lc. 
Since the.^e true gasea are completely distributed in and float with the 
iiir, they liave about the same persistency as the air with which they are 
mixed. They follow completely every current of air and, if a layer of 
jiii which has been over the target area moves away, the chemical agents 
uf tlib group follow its course. There are, however, always email 
differences in the persbtence of these substances. 

The pure gases (Cl, CG) are heavier than the air, and so they have a 
(endcncy to sink into depressions in the ground and remain for a time 
ill the form of pockets in the deep spots where the air currents cannot 
easily ]>enetrate and carry tliem further away. Bui, ei’cn in a complete 
calm, they diffuse from these sheltered plar^es and gradually become 
harmless through dilution with air. 

The toxic smokes (DA, DM) sink finally to the ground, as does every 
smoke, with a speed which is proportionate to the size of the smoke 
particles. Once on the ground, they can no longer rise and, like ordinary 
dust, they are carried away by the atmospheric precipitations. 

But }x>th the diffusion of the pure gases and the fall of the smoke 
pui'tichis proceed so comparati’i'ely slowh^ that tliese factors play no 
esri( iitial ]mrt as compared i^ith the diffusing and dividing effc^ t of the 
vertical and horizouta) air curi^nts. The persistence of tlie chemii'al 
agent of thb group depends, therefore, chiefly on the conditiuiiK of wiml 
and, HO far as the wind b affected by the lay of the land and its covering, 
on these factors also. It b thus easily seen that deep depresHions in the 
ground or thick high-standing forests may considerably increase the per- 
ristence of the materials. 

In the case of the materials of the secorid group (HS, M-1), the per- 
jibtence b considerably greater than it is with the first group, yet it 
varies greatly according to the specific properties of each substance. 
Most of the materiab of this kind are liquids, which on the explosion 
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of the shell m which they are placed are aprayejl out over the terrain 
in large or small drops, whence they evaporate into the air layers above 
the ground. As long as there is liquid chemical material on the ground, 
it is a constant, source of replacement for the evaporated portion of the 
material, which has been thinned down or carried away by the air 
currents. The air b constantly contaminated anew with toxic oi- 
irritant gases. Similar to the liquid chemical agents are some agents 



which ill the open air evaporate without first becoming liquid (c.g., CA). 

For tactical considerations, it b of decisive importance to know how 
long this process continues on a target area that has been covci-cd with 
g^. If we leai'e out of consideration, at first, the ordinaty^ external 
influences, then it appears that, above all else, the air temperature is tlie 
determining factor. 

Chemical agents volatilize with a rapidity proportional to the tem- 
fwrature of the air, but in this they show great differences among them- 
-selves. For example, HS volatilizes in the cold so slowly flmt the air 
above the contaminated ground often does not contain enough of the 
vapor to endanger respiration. In summer it always va[xuize,H fast 
enough, yet ho economically that it may persbt on tlie contaminated 
ground under favorable conditions for three weeks or longer. On the 
other hand, CG volatilizes so quickly that an open countiy' treated with 
it may be entered without danger a quarter of an hour to half an hour 
iatei'. 

The physical reasons for the great differences in the persistence of 
chemical agents are to be found in the fact that these substances have 
very different vajior preesures and in the degree to which these pressures 
vary on ehange of temperature* The higher the vapor pressure at a 
given temperature of the air, the less persistence at that temperature. 
But the rapidity of volatilization of a chemical, which alone givew an 
objective measure for its persistence, is not simply proportionate to the 
\'apor pressure, but has a complicated dependence on other dcviHivc- 
factors. 

A moie satisfactory basis for gauging the persistence of the (*oinl>iit 
nmteriab b a table of the reciprocal values of rapidity of volatilizathm 
which acrvcH as a table of the relative persistence of the chemical ag^^nts. 
For purpo 3 (^ of comparison, the rapidity of volatilization of uuter at 
15“C.j b assumed to be 1. 

The reciprocal valuca of the rapidity of volatilization are taken 
liecause the persistency of a combat material is greater in proportion 
OH itH rapidity of volatilization is small ; w'nter w'as selected as the material 
fur comparison because the rapidity of its I'olatilization, by obser\'ation, 
has come within the experience of everyone. Computing the rapidity 
uf tlie volatilization from the vapor pressure act*ompljshed by the 
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inversion of a process which, in principle, wo? firat applied by the Ameri- 
can physicist Langmuir (Phya, 7,, vol. U, p. 1273} in the formula 

c p 

In thie formula S signifies the petsiatency of the chemical agent. 
Cl the rapidity of volatilization of w^ater at 15“C., c the rapidity of 
volatilization of the chemical at the absolute temperature T, pi the vapor 
pressure of water at 16^C., p the vapor pressure of the substance at the 
temperature T, A/i the molecular w’eight of the waster, M that of tfie sub- 
stance, T the absolute temperature of the air, Ti the absolute tempera- 
lure corresponding to the Celcius temperature of 15“. 
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In the ca^ of CA and HS, under the norm^ melting point, are given 
in brackets the persistency of the liquid phases. These materials, 
especially the first, arc obstinately inclined to remain liquid wdien cooled 
Ik?1ow the freezing point. Moreover, the freezing point of the commercial 
product, on account of the unavoidable iinparities contained therein, is 
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of lower than that of the cheraicaUy pure compound. 

The use of the table is shown by the following examples^ Liquid 
HS lias, Ht 15®C., fl persistence of 103; liquid CA has a persistenee of 427. 
Tlii>: means that the first material under otherwise similar conditions 
(similar a reroute size of droi>s, similar wind eon dit ions, etc.), takes 103 
Tinier as long to disappear from the ground by evaporation as an equal 
mass of water, and CA is or about four time®, as persistent as HS. 

I>iphosgene and phosgene are also two material which are chemically 
closely related. But the difference in persistence between them is an 
imfmrtant factor in their tactical use* This can be compared directly, a^ 
*1 rule, only under 8X. (the boiling point of phosgene). Alwtve this 
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temperature, phosgene no longer exists aa a liquid under atmospheric 
pressure, but changes into a heavy gas which seeks a way through uneven 
lands, partly following its own weight, partly the air currents. In lei'el 
country, it moves only ’with the ’wind* Under 8®, phosgene can exist ait a 
liquid in the open, "but even at 10“ the persistence of diphosgene U 
100 times greater than that of phosgene. 

HS and M-1 are likeidwe two materials of very similar physiological 
effect, distinguished by the vesicant effect on the skin which they pro- 
duce, especially when they are in liquid condition. But their persistence 
is quite different. In summer HS has a pci'sistence seven to eight timw 
greater than that of M-1* This is a well-known disadvantage of M-1 in 
inoj^t of the tactical uses for these materials, and it is still further empha- 
sized by the fact that M-1 easily undergoes chemical decomposition in 
warm weather if moisture is present, which is often the case at this 
season* But in winter !M-1 is superior to HS, as wc shall see. The 
differenec of the persistence of the two materials is greater then than 
it is in .summer, for HS freezes; a-s a solid body, it does not moisten the 
uniforms, clings to them less, and cannot work through them to the skin. 
M-1, hou e’^ er, remains fluid even in winter and, moreo’i^er, its persistenn^ 
increases to the degree posst^ssod by HS in summer. So HS may l>c 
called a summer gas and M-1 a ’\vinter gas* 

CA, a lacrimator, is, so far as concerns persistence, the king of all the 
combat materials. The great iiersistence which it attains in low tem- 
peratures has a limited value, however, as Its rapidity of evaporation is 
then so small that the air, in movement, dws not bfrome sufficiently 
charged Viith the vajKjr of the material and so cannot exert a satisfaefory 
physifiJogical effect. Even in summer, the persi.'itence of C-A is so great 
that it is frequently ttio long for most of the tactical uses of an irritant 
agent* For this reason, the Americans prefer CN, another irritant that 
iias other advantages also, such a® simple preparation and compounding 
uith explosive materials. On the explosion of tlie .‘^hell, it \'aporize»i. 
The ; npor exercises intense physiological irritation, but it diiyijiiHmrs 
quickly from the air of the combat terrain for, on its further attenuation 
(on account of the negative specific heat of the saturated A'apor), it 
jirecipitatps and fails to the ground where, o\i4ng to very slqw evapora- 
tion, It exercises no effect worthy of note. 

In the above tabulation all data are based on the rapidity of evapora- 
tion of water at 15“C., without making any assumption an to the absolute 
time of e\'aporation* Pifferent influences play a ’i\ eighty role on the 
length of time that passes before a chemical agent, placed on a terrain, is 
I'OjupleteJy volatilized. 

First, the average size of the surface of the drops of the chomical, 
which are sprinkled over the te^in, is of some significance* The 

greater this surface is, the quicker, as a rule, volatilization will take place. 
But in this regard it appears that the difference between most of the 
liquid chemical agents is not considerable. This is due to the fatd 
that their surface tensions, as measured in the laboratory, are about 
equal. But the chemical agents can be scattered in very different sized 
drops by varying the amount of explosive material in the shells. Veiy 
large drops will be divided up into very small drops in their fiiglit through 
the air and when they strike the ground* On the other hand, small dropf< 
unite and form larg^ ones through constant contacts which take plain- 
Hiimiig their great number. So there results a fairly coujitant average 
size for the drops, which makes it possible to disregard the inffueiuH' 
exerted by tiie size of the dro}k< in reugh e^stimates. 

But it is different with the influence of the weather, of the ground 
formation, and of the covering, Thfwe factors can naturally affect 



greatly the rapidity of volatilization. \\~v can estimate tlieir effect 
approximately only by empirical rules. 

If we compare the data that may be dednc:cd from war cxpcriciu^c, 
which in general agree fairly" well with the figures in the alK>ve tabuJution, 
the follo’tting conclusion may be drawn: 

The persistence of a chemical agent in dry weather and on u|>en evci^ 
ground, for the duration of 1 hour, i.s taken the unit of jjcrsistcncc 
in the figures of the above tabulation* In greatly cut up land, double 
value is to be assigned; in heavy forest, three times the value* 

It must be noticed that heavy or continuous rain brings a premature 
end of the persistence of the chemical agents that are clinging to the 
ground, by washing them away; a heavy snow fall makes tiiem inelTeeti\'e 
by covering them over with a thick layer of Where precipitation 

i.< frequent, persistencies of more than twrj or thrcc» weeks are si'ldom 
r<*iilizMl, if we except house ruins and similar places which arc protecteil 
fnan the weather. 

Summary.' — ^The method dci clo|x>d abo\ c fur determining the 
pi rsi.stcnce of chemical .agents makes it pos-sible: 

1. To fonu a dcpondable jndgmetit in rcicard to the jx-rsistemo of even tJnii't- 

ootifomiiig which no wur or other pnicticul espcrioiicL's nre u^ uilidJe; 

2. To tiiki' into {vjn^iidPTntiDii, ns Anrnmtely fiK thf' tcmfK'niriirc: of tiie Jitr, 

i^hU li, iK'xi to hIf ourrentfl, eserts thy most important tactii-al innticnie of the day on 
the iK-nfiatLiiyr of thy cheiniciiL 

EFFECT OF WEATHER OW CHEMICAL WARFARE 

While chemical agents are influenced by weather conditions more than 
any otlier weapons, this dfM*s not mean tliat the occasions on which 
rljcinic nla may be uaed in battle are limited to orable weather* Cloud 
gas i clrjiscd from cylinders Ls the only form of chemical attack that cannot 
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be launched with some degree of effectiveness in almost any weather in 
which combat takes place* However, weather conditions do largely 
influence the form and technique of chemical attack and are frequently 
the dedding factor in the success or failure of the undertaking. Hence, 
a thorough understanding of the effect of weather conditions on the 
employment of chemicals is essential to a successful use of chemicals in 
war. 

The Six Weather Elements. — The weather at any particular time ami 
place is completely determined by the following: 

Wind. 

PrccipitHHon, 

TemperatiiTP, 

Prrts>iun^. 

Cluudr^. 

Humidity. 

Bince weather is flic condition of the atmosphere at any time and place, 't 
is best descril>ed by giving numerical values for its elements. Tln^sc .six 
elements ’will l>e taken up and considered .separately. Cbemical-u arfai^' 
operationnS are more or less concerned with all of them. For example, the 
factors influencing gas or smoke clouds are, in order of importimce: (1) 
uind, under ’W'hieh should be considered the direction, etcadineas, and 
velocity of the vilnd, and eddy currents due to the proximity of ^^'oods, 
unei^en terrain, etc*; (2) precipitation; (3) temperature; (4) pressure; 
(5) clouds; (6) humidity. The effectiveness of all smokes is greatly 
increasftd by high humidity; on the other hand, high humidity tends to 
destroy some of the irritant agents by hydrolysis. Cloudiness has a 
yery marked effect on the rise of smoke elonds* The (>ersistcncy of 
apmts is largely dependent upon temjierature and ’irind velocity. Si> 
it will be seen tliiit no chemieal-warfarc oj^^rntion can be considered 
without reference to the weather elements. 

The mmicrical valuer of the weather elements are by no means 
constant, but are aJwai-^ undergoing change or ^'ariations. 

WiKn 

Air in motion near (he enrthV surface and nearly parallel to it is 
railed wind. All other motions of masses of air should be sjajken of as 
air currents. In connection with wind there are three Hiings to iw 
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determined or tneajsured, the direr tion, Uit* velocityj and the gustiness. 

Direction. — Tlie wind is named for the direction from whidi it comes; 
thus, if the air moves from the north toward the south, it is called a north 
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In noting wind direction, eight points of the compass are used, 
the cardinal points, north, south, east, and west, and the four inter- 
mediary points, northwest, south w^est, northeast, and southeast. The 
magnetic aKimuth of winds is sometimes used in chemical-warfare 
ojjcrations. 

Wind direction can be determined in the field by measuring with a 
< ompass the direction of drift of smoke or of dust thrown into the air and 
adding ISO degrees. It can also be determined by means of a portable 
wind vane previously oriented by compass, or by taking the magnetic 
rtzimuth from the wind vane to a point indicated by its arrow-. 

Velocity,— Wind velocity can be estimated by using the following 
table; 
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but not by wind vante 


0.3-l.fi 


1-3 


Slight brvcic 


Wind felt on facc;lenvtH mat le; ordinary 
vane moved by wind 


10-3 3 


4-7 


(h'utic 


&Dd zmall twigs in constant mo- 
tion; wind extends light flag 


3. 4-5.4 


8-12 


MftdcTate brecic 


Swaya branches of trees, blows up duat 
from the ground, and driven leav(w and 
paper rapidly before it 


6.5-fl.S 


12-22 


Fresih brt^ze 


This swHvB whole trees, blow? Tw jge und 
small branches along the ground, raises 
clouds of dust, and hinder:^ walking 
Homew hat 


9.0-U.3 

j 


23-32 


Hi);h ivhjcl ' 


This breaks branches, iDOsehs hrick^i 
from chinmeys, etc., litters the gruimd 
with twigs and branches of trees, and 
hinders walking decidedly 


14.4-32,2 


33-72 





Complete destruetion of nhno^it cvery- 
1 rliiitg in its path 


32 . 2 on 


72 on 



M^ind velocity can be measured by memi^i of’&n aneniomett^r and a 
watch# The anemometer measures the distance in meteris traveled 
l>y the wind in the space of time mea-’^ured by the watch. Thus, if in 
1 minute the anem^>meter registers 606 meters, the wind has traveled 
606 meters in 60 seconds or 

606 -=- 60 = 10.1 meters per second 
Meters per second X 2,237 — miles i>er hour 
Miles per hour X 0.447 = metens per second 
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Wind velocity increases markedly w-ith altitude. This will often be 
noted in observing the travel of smoke clouds. The higher velocity above 
the ground sometimes causes a rolling movement of the top of the cloud 
and the top is carried forw-ard faster than the body of the cloud. The 
increase in i^elodty with altitude is very rapid in the first 100 to 200 ft,, 
particularly over land. 

The effects of surroundings on wind should he carefully considered in 
any local observation of direction and velocity. 

Gustiness. — Wind, both as regards direction and velocity, is probably 
more affected by the immediate surroundings of the place' at which 
observations are made than any other of tlie meteorological elements. 
There are four things to be especially considered: valleys, buildings, 
nature of the surface, and altitude. Valleys influence wind direction 
markedly and velocity to a slight extent. Valleys have a tendency to 
cause the wind to blow^ along their length. Buildings increase the wind 
l elocity near tliem and alsv>make the wind gusty. In fact, one result of all 
unevennesses in the surface over w^hic’h air posses is to cause gusts. The 
nature of the surface alwo has a marked influence on wind velocity. 
On land the wind velocity Is very much reduced near the earth's aurface. 
This is brought about not only by friction but also by the intermingling 
of air masses and by tire formation of eddies that result from the uneven 



surface. Turbulence may be defined as the sum of all the local air 
currenU. It causes a complete mixing of the atmosphere and conse- 
quently the dilution of a gas or smoke cloud. Steadinesa is the opposite 
of gustiness. 

Effect of Wind on Chemica] Warfare, — Fereiatenl agenie are used to 
saturate the surface of the ground and the vegetation and hence are 
not easily hloAvn aw-ay. Winds have little effect on their use. Evapora- 
tion will he sliglitly increased by high winds, but the high winds blow^ the 
vapors away so rapidly that their effecti’^enes.s is not greatly increased. 

Nonpers}stE?it \Vith this clasps of agents flie wiud is of 

primary' importance, especially if the method of pr^ij^tagation is by the use 
of cyliiidci's. The three characteristics t>( the wind which are especially 
imi>ortant are the dVredm/i, the Vi locity, and the steadiness. 

1, Direction . — AMien cylinder.? or irritant candles are used, the direc- 
tion of tlie wind mast be such that it will carry the agent from our 
emplacement to tlie enemy's position witliout carrying it into any portion 
of our owm poifiition. When our own lines and the target for projectors 
or mortars are in close proximity, the wind direction is similarly of 
importance. When w’e are using clietnicals from artillery shells, bombs, 
or airplanes, the direction may not be so important unless the action is 
long sustained with a wind tow'ard our ow'ii troops. Then the fumes 
may be carried to our position and cause trouble. 
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2, Tek>cf/i^."*-When cylinders and irritant candles are used, the 
velocity .should not be less than 3 miles per hour becauee winds having 
a lower velocity than this are likely to be gusty and variable. They may 
die dowm or even reverse and blow- the agent back on our own troops, 
How'ev'er, when the agent is delivered by artillery, mortars, projectors, or 
bombs, this lower limit of wind velocity need not be considered. 

The velocity should not be over 12 miles per hour because winds 
having higher velocities than this tear the cloud apart and, immediately 
after the agent is released, mix it with large quantities of air (through 
turbulence) and cause the concentration to be lowered. 

The higher the wind velocity, the faster a given w^ave or cloud will pass 
over the enemy's position, tlie shorter the time he w ill be exposed to it, 
Hud the less effective it will be. If a certain result is desired and if a 
high w'ind is blowing, more agent must be used. 

It IS dear from the foregoing that, in general, a low- rather tlian a high 
w ind A'clocity is to be dcisired in order that the cloud may stay <>\ er the 
enemy as long as possible and in order that economy in the use of agents 
niay be practiced. 

The higher wind velocities also tend to cause turbulence and eddies 
fiver trenches and v alleys, causing the agent to rise and preventing it 
fmm penetrating into trenches and diigouts. 

With high w ind 'v elocities the cloud may also be so tom apart that 
itreups of the enemy w’ill be left in gas-free “islands" and so escape its 
effect. 



The upper limit of 12 miles per hour is just os important w'ith artillery 
and projector shoots as it is with cylinder attacks, ow ing to the tendency 
of high w'inds to tear the /clouds apart and disperse them before they have 
existed long enough to be effective. 

The technical limit of 12 miles per hour is sufficiently high to pre\ cnt 
the enemy from running out of the cloud to safety. This becomes 
(wideut w'hen we consider that a man at a brisk w’alk co^'crs only 4 niile.s 
ix'i' hour, that a horse at a trot covers S miles per hour and at a gallo]i 
12 iinics ^>er hour. 

3. Stcadifiess is important both as to direction and velocity. 'Hie 
W'ind should maintain its direction and ^-'clocity over a wide front for at 
least as long as the chemical attack is to last, Other\v ise, conditions w ill 
l>e gi.isty and squally atid the gas cloud will be broken, w hirled up into 
the air, and rarefied. For obvious reasons, the nearer the cloud 
lipproaches any portion of our own trenches, the steadier the wind 
should be. 

Irritant Smoke Clonde and Screening Smokes . — Irritant smoke clouds 
"lay Ih? generated from candles or from shells or bombs. In the fir^^t 
the same principles apply as wrere discussed under nonpprsi.steni 
28 

clouds. Again in the two latter cases, only the upper wind-velocity limit 
need be considered, when the cloud might be dispersed or blow n over the 
enemy too rapidly for sufficient effect.. 
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Screening smokes may also be generated from candles, shells, bomba, 
or airplanes. When a smoke screen is generated from candles, the wind 
must be in the proper direction to accomplish the desired result. It must 
usually blow toward the enemy. Here again, and for the same reasons as 
stated above, the upper velocity limit should not be exceeded. The lower 
litnit is not so important since, even if the wind did reverse itself, the 
sf'Jtiening smokes are harmless to personnel. Steadiness of the wind is 
important with screening smokes so the smoke doud or screen ’will not be 
turn asunder, leaving gaj>s through which tiie enemy may see. Generally, 
variations in wind velocity are acc:onipatiied by variation.^ in the wind 
direction, even as much as 180 degrees. Large wind-direction eliangew, 
tu'curring at rapid intervals, often produce turlmlont conditions, es^ie- 
drtlly if accompanied by large velocity changes. 

The effect of varying ’n'iuds makes successful screening difficult 
bccEtuse of tlie breaks in the screen and the rapid dissipation of the smoke. 

Convi^cHon curnmU^ due to bright sunn bine, lift the cloud high in the 
idr and often prevent satisfactory screening. 

Convection currents are not so strong in presence of high winda as 
in the cases of light winds bccaune high winds rapidly mix the warm 
surface-heated air vv-ith the superimposed and surrounding cooler air and 
tend to prevent their development. 

Wind and Safety Limits, — Since the successful use of noiipemistent 
agents is largely dependent on v^iiid conditions, it is essential to establish 
rules governing the relation of tl^e wind direction and velocity to the use 
of iioniJersi.=;tent agents. Wind-direction limits are prescribed primarily 
in the interest of safety to friendly troops, while ivind-veloeity limits 
insure a reasonable chance of success in the operati(>n. Safety pre- 
cautions require wind limits for the j>ortable cylinder, the iiritant candle, 
the Livens pmjector, and the 4-in. chemical inorinr. 

They are not required for ariilJcry wcations or fur the 4.2-in. chemical 
mortar unless tlie raiiire is hws than 1,200 yd. 

A general rule for the use of mustard gas and other highly jjersist.eni 
vesicants is as follows: 

Let A’ = safe distance fiom our lines to near edge of target area, 

A = depth of target area in direction of fire, 

B = vridth of target area. 

Then 

X — — =— (but never less than 1,000 yd.) 
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Temperature and Cw>udb 

Effect of Temperature ou Chemical Wariare.— f^ersia£eni agenls are 
much more effective when used in hot weather. Under these conditions 
there is sufficient va|x>r generated to cause skin and lung casualties. Hot 
weather without rising air currents gives the ideal temperature condition. 
Under cold-weather conditions the blister effect from the vapor is not 
obtained, although the agents will still cause casualties if personnel comets 
in uctual (contact with the chemical, as by walking through v^egetation 
mi which the agoiit has been sprayed. 

.Vwupcmsicnf Ag&rds . — In contrast to the effect on the persistent 
agents, high temtieratures are a serious handicap to the use of nonpersist- 
ciit agents. High temperatures cause the atmosphere near the grouiul 
to become heated, and thus lighter than the overlying and Hurrouiiding 
air. It then has a tendency to rise or be dis]ilaced by the cooler, heavier 
sir, and rising or convection currents may be set up. These will cause 
the cloud or agent to rise rapidly over the heads of the enemy and to mix 
with large quantities of air, thus lowering l:>oth the persistency and the 
('oucnitrotitm. Convection currents are especially prev alent in the after- 
TifKin over dry or plowed ground or ground free from vegetation. On 
Uie other hand, on days when the temperature is low, the lower layers 
oi the air will remain cool and there vrill be no tendency for an ovei- 
tiirniug of the atmosphere. The length of time that a definite amount of 
agent will give an effectiv'e cloud of a desired irersistency and concentra- 
tion is thus increased. 

It may be said, then, that high temperatures which usually occur on 
bright sunny days usually produce conditions unfavorable to the Kucceari 
of nonpersistent gas attacLs, and that the cooler parts of the day, such 
as frfim midnight to dawn, are the most favorable period'* for gas attacks. 
Normally, tlie coldest part of the 24 hours occurs at approximately 



j^umiric. 

/ rritfini Smokes and Screeniri^ Smokes . — The smokes ai c couiparati^'ely 
iicc f[fim the influence of atmospheric temperature insofar as the forma- 
Tiou of tlie original cloud is concerned. The cloud once formed is 
H fleet c^d in the fiame way as clouds of nou]:>ersistent agents. 

Temperature Effects at Night. — During the daj time the temperaturr' 
over a limited area, aa}’ a square mile, is about the same unless there are 
marked changes in topography or soil. On days irith much sunshine and 
a low wind velocity, the lower points, particularly those in narro^^ 
vallej-s, may be & few tenths of a degree wanner than the upi>er parts 
of the area. At night, the layer of air next to tlie ground grows colder 
and denser and drains like water into the v-alleys and places of low 
elevation. If the wind is unable to remove these pockets of cold air, 
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marked variation in temperature o^■er a limited area will be found. lor 
every limited area, there will be a critical value of wind velocity, which 
for most areas is probably not far from 3 miles per hour. As long as the 
\^1nd velocity remains higher than 3 miles per hour, these pockets of air 
will be removed and mixed with air at other points and no variation in 
temperature will be found. Since the question of variation in temfwra- 
ture depends upon the interplay between the drainage of colder air and 
tlie ability of the wind to remove these pockets of cold air, the variation 
will depend not only upon the elevation but also upon the openness 
of the valleys, their direction, the roughness of the surface, and the direc- 
tion from which the wind comes. 

Becau.se of the tendency of surface air to cool and drain into valleys 
and depressions, such places in the vicinity of gassed areas will, on calm 
nights particularly, be likely to contain dangerous concentrations of toxic 
agents. Tliis is a matter which should receive careful consideration 
in the dispasition of troops near a gassed area. 

Effects of Clouds on Chemical Warfare* — Clouds as meteorological 
formations have no direct effect on any chemical agent. It is through 
their effects upon other meteorological elements that they bc^coIllc 
important to the chemical-warfare officer. Clouds attain their effects 
through their control over temperature. They shut off the eun^s rays 
and thus shield the surface of the earth from some of the heat of the sun, 
A clear hot sunshiny day has been described BS one favorable to con- 
vection cun-ents and to a rapid rise of the agent from the ground. An 
overcast or cloudy day is less favorable for the development of rising air 
currents, and hence the agent ^ill stay near the surface of the earth 
for a longer period of time. A sunshiny day, then, is unfavorable to the 
success of chemical attacks and a cloudy day is favorable. 

Precipitation' 

Effects of Predpitatiott on Chemical Warfare* Persistent Agents.— 
Heavy rain is unfavorable to the successful use of any chemical agent. 
Under this weather condition the cloud of any agent will be wa.sbed 
from the air and beaten to the ground. Even the liquid agent, such 
mustard, will be washed away, hydroliaed, and destroyed, 

Nonpersisient Agents . — The concent rat i<>n of ciouds of other agents 
such as phojigene and chlorine is immediately lowered by min. S^now 
and hail, to a lessor extent, act in the same way. 

Irritant Smoker,— These agentis not being hydroliied, light rains and 
mists are not estiecially unfavorable and may even be of assistance in 
hidi n g the c haracteris t ic color of the clou d . Heavy pree ipi tation , 
however, is unfavorable in the case of irritant smokes. Hea^-y rains 

wash the agent from the air in the same way that they dear the air of 
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other dust particles. Heavy snow will also remove toxic smokes from 
the air by coming in contact with the smoke particles and carrying them 
to the ground. 

Sersenirig Smokes . — For the same reasons that a high humidity is 
favorable for the use of the screening smokes, so also are light precipita- 
tion, fogs, and mists. These furnish the necessary water for the hydroly- 
j(Li! reaction. Also under conditions of fog, light rain, or mist, visibility 
will be very much restricted and hence the amount of screening smokes 
ne<’essary to obtain a desired end ’will be reduced. This i.s due both 
ro the obscuring power of the mist and to the increased efficiency of the 
rtmokc in the damp air. On the other hand, here again heavy precipita- 
tioii tends to beat the smoke cloud down and wash it from the atmosphere. 
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Htjmiditv 

Humidity is defined as the state of the atmosptiere as regards nunsture. 
If the air were absolutely dry, its humidity would be spoken of as zero. 
It is the humidity, as much as the temperature, wiiieh makes one uncom- 
fortable on a hot sultry day, A moist hot day in summer is much more 
op]>reHsive tlian a dry hot day because the moisture in the atmosphere 
lire\ ents that free evaporation of the perspiration from the human Imdy 
wliich cools it. The cold is also more penetrating on a damp day than 
on a dry day. The reason ia that the moisture makes the clothing a 
Ijctter conductor of heat and hence the body is cooled faster, 
humidity is defined as the actual quantity of moisture present in a given 
quantity of air* It may be expressed in grains per cubic foot or grams 
per cubic meter. By r dative JuAmidity is meant the ratio of the actual 
amount of water vapor present in the atmosphere to the maxinium 
quantity it could hold without precipitation. Helati^e humidity is 
expressed in percentage. 

Effect of Humidity on Chemical Warfare. Agents. — I'lie 

humidity of the air will have no appreciable effect on the persistent 
ctniits j-egardloss of how they may be released* 

i\^ofi]?crdstmt AgejiU . — The nonpersistent agents are very slightly 
hydrolizod by water vapor in the air. Phosgene shows the greatest 
effect in this, but even it i.s not greatly attacked. Thus the first jjart of a 
phosgene cloud moving through an extremely damp atmosphere will 
have a sliglitly lower content of phosgene than the following portions 
of the doud, but still the cloud as a whole vill be effective, 

IrrtUint Sm.ok^s . — ^These agents are not affected by the amovmt of 
water vapor in the air, since the agents hydrolize very slowly. 
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Screening Smokes. ^The&t agents are made much more effective by a 
high absolute humidity in the surrounding air. Since the initial chemi- 
f'al reaction generally produces a compound which i.s readily hydroHzed 
and which in being hydrollzed is broken into still smaller particles, the 
r^loud becomes more effective on damp days. It is not necessary in the 
field, however, to make measurements of the humidity because the other 
weather conditions favorable to smoke screens are usually accompanied 
by Q sufficiently high humidity. If humidity is low and other conditions 
are favorablcj a satisfactory screen may be maintained by firing a sonie- 
what greater quantity of agent. 

Ai'MOspHERic PnEaauRE 

The pressure of the atmosphere is simply the weight of the column of 
air above the station in question, extending to the limits of the atmos- 
phere. Atmospheri(^ prcjssure thus diminisiies with elevation above the 
eartb^s surface because there is a smaller quantity of air to exert a down- 
ward pressure, W'e are probably less conscious of atmospheric pressure 
and it 9 changes than of any of the other weather elements. In meteoro- 
logical work the pressure of the atmosphere is usually expressed in terms 
of inches of mercury. Thus a pressure of 30 in. means that the pressure 
of the atmosphere is the same as the pressure exerted by a column of 
mercuiy 30 in. long. 

Effects of Pressure on Chemical Warfare* — Pressure has no appreci- 
able effect upon any of the chemical agents except insofar ai( it controls 
vertical air currents and winds. The winds tend to moi'e from higli.^^ 
toward lows, and the greater the change in pressure, the stronger the 
winds which may be expected. 

listing air currents are unfavorable since they cause the cloud of agent 
to t>e carried upward, in spite of its weight, and to rise over the heads 
of tbp enemy and be carried away. Rising air currents are often formed 
when the pressure is low, and they fend to follow the center of the low 
area. 

Descending air currente are to be deal red. These are often found when 
the pressure is high, and they tend to accompany high areas in their move- 
ments. In the presence of these currents the arr tends to carry the agent 
downward and thus holds the clovid close to the surface i>f the earth whem 
it is nutst effective, 

MlUTAItY AFPUCATIOK 

Now that the basic principles of chemical action have been broadly 
uutliuedf there remains to be considered the manner in which chemical 



agents are employed in battle. 

^"iewing the typical modern" battlefield in panoramic plan, each 
military arm may be regarded as responsible for definite area*s which am 
largely delimited by the ranges of the weapons of that arm. Infantry^ 
for example, is directly concerned to a distance of say 1,000 yd, to its 
front, which is about as far as infantry rifles are practically Effective. 
Chemical trooiis operate in the next zone out to about 2,500 yd. from the 
front lines. light artillery cau reach well beyond this limit and thereforf? 
is t'uncerned with areas up to about 8,500 yd. beyuud its own front lines. 
Beyond this zone the longer ranges of corps and army artillery come into 
phiy, extending the depth of attack to 15,000 yd. Attack siiciaft 
rmplopng cbeinicals usually cover the enemy’s combiit zone to a depth 
of about 15 miles. Bombardment aircraft are seldom utilized within the 
cffeeti\ e range limits of artillery, but beyond this may be employed so far 
as cruising radii permit (about 1,150 miles), Flaitks are usually given 
over to mechanized cavalry, which may be ex^K^efed to penetrate for 
<on.‘(iderable distances within enemy territoiy^ (see Diagram I, ChajJ. 
HI). Weapons aiiprojuiate for the dispersion oi chemical agents ai^ 
characteristicaliy employed in each of these distinct areas of military 
net ion. 

AVithin their range (2,500 yd.), the sj>ecial weapfui^ of the chemical 
trooiw afford most effective and efficient means of laying down chemical 
(-oncentratiomi. For this reason, chemical trooiis are attached to the 
front-line infantry units in the attack and render close supp<irt by 
accompanying them in the advance and treating the vital zone directly 
in front of the attack with concentrations of gas and smoke upon targets 
most threatening to the advancing infantry. 

The zone next beyond that covered by chemical troops' w'eapons ia 
treated by the divisional artiller}^ with cliemicals as well as high explo- 
sives. iledium and heai-y artillery of the crtrfis and army are then 
called UIM5U to disperse and incendiary agents at longer ranges; 
air! rjifl utilize the same agenbi in operations which lu most cases may he 
tf ntnd Nf If -CO mulcting, f.e., they are not dependent upon ground force for 
vousiilidiitiou and exploitation. To sup|>ort and suiqdcment the action 
of mochiiuized ca^'alry, special chenii<'al me attaclied and ac t as 

com pun en Is of theae units, dispe^rsing smoke and buth peiyistent ttml 
nonpersi-stent gases, 

Mean9 for employing of chemical agents in military operations are 
therefore characterized by considerable flexibility, and properly so, 
because the successful use of the chemicals in battle often hinges on 
natural and tactical circumstances not predictable long in advance. 
The infantry and cavalry are tbas not encumbered by chemical weapons, 
but are supported within tbeir immediate zones by the attachment oi 
chemical units from higher tactical reserves when the need ft>r them 
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arises ; the supporting arms^ — artillery, air and chemical — are habitually 
provided with suitable chemical monitions w'hich permit the eatablish- 
nient of appropriate concentrations of chemical agents in the areas with 
which they are particularly concerned. 

So the chemical arm has been assimilated into the organic structure 
of modern armies without necessitating material changes in their basic 
organization. But the use of chemicals in combat has brought about the 
extension of military action into the fourth dimension, thus completing 
a cycle of evolution that has witnessed battles successively waged intii 
fists, rlul>s, arrow's, bullets, and molecules* 

By means of molecular “bullets,'' man has. finally learned the secret 
of waging war in such manner as to temper the blows of battle with 
w>mething of the nicety of a skilled anesthetist. For, among chemicid 
Hgt^uts, it is actually practicable to select those that vary in effect all the 
way from simple lacrimation to quick death; it is thus within the range of 
jKirtsibility to conduct a virtually deathless war with chemicals — a result 
entirely beyond the scope of explosive munitions or any other military 
ugents heretofore devised. 

As to those gases tliat are potentially lethal, we know' uith certainty 
wliat the expectancy of fatalities per hundred casualties will be under any 
given conditions, w-hile complete recoveries from nonfatal gas casualties 
lire surprisingly high. In fact, the military value of chemicals derives 
not from their deadliness per se, but from their direct influence upon 
tactical situations, from their effect upon military units rather than on 
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individuals. 

Thr gradation#! with u'hich this effect may be exerted are ’wide^ thim 
affording a flexibility never previously attainable in u'eapons of warfare. 
The laws of diffusion and dilution of gases, and of the travel of gas clouds 
in th(‘ ficdd, have been carefully determined and have been found to U' as 
clefiuit<^ and exact ns the laws of ballistics, so that, while effecti’v e <'on- 
cent rations of gases may he extended over unde areas, such eon cent rat ions 
may nUj he carefully delimited so as never'to extend beyond the ar^'rtK 
intended to be giissed. Moreover, within a specific area eon centmt ions 
muy 1k^ strt'iigthened or reduced according to the nature of the tusk at 
I mild. Cmti roiled ejfec/, resulting from technically correct application, is 
therefore a novel and outatanding characteristic of chemi<^al warfare. 

From tiiis it follows aa an underlying principle of chemical action 
that any sizable gas attack, delivered with due regard to tactical and 
technical considerations, may be depended upon to produce predictable 
military results. In subsequent chapters is to be found an elueidation 
of the tMjroUary principle that the number of outright casualties so 
inflicted upon an opponent will be increasingly high in proportion to his 
deficiencies in ga#? discipline. 

CHAPTER II 

TECHNICAL AND TACTICAL REQUIREMENTS OF CHEMICAL 
AGENTS 

The total number of compounds known to ehemical Hcience has liet'U 
variously estimated at from 300,000 to 500,000. Of these, some 200,000 
have lieen studied to the extent that their principal properties are of 
record (8). nearly all chemical compounds exert some toxic effects 
(either local or general) upon the body, it h not poitfiible to estimate witli 
accuracy the total number of toxic flubstances. However, several 
thousands of compounds have such pronounced toxic properties as to 
bring them distinctly within the field of toxicology, and their toxic 
l>owers are well known. 

From this vast field, over 3,000 chemical compounds were selected 
imd investigated for use as chemical agents during the World War, but 
oTkIy nlxmt 30 were found suitable for actual use in the field* From 
this group, about a dosen were finally adopted aud used extensively as 
war iig<‘nts, and of these not more than half were notably successfuL 
Tins may seem remarkable when it is recalled that the combined efforts 
of tlic world's leading chemists were intensively concentrated for nearly 
hiur years on the problem of finding and producing the mof^t effective 
ehemical agents. The reason for this apparent meager return for the 
effort expended is found in the many exacting requirements which a 
chf'mical substance must meet before it can qualify as a succesaful 
Hicmi<'aJ- warfare agent. 

j best' requirements may be logically considered in two groups— 
iF Tr'ctmicid and (2) tactical. The technical requirements are those 
roiKcnicd with the problems of quazitity production and utilization 

the various forms of chemical munitions; tlie tactical requirements 
are fliost' involved in the effects produced on the field of battle. 

TECHNICAL REQUIREMENTS 

Siiif^' the technical requirements for ehemical agents are common to all 
t^c claves, ga.«tes, smokes, and incendiaries, these requirements ’will 
be considered without distinction as to class of agent. 

Materials. — To be effective in war, chemical agents must be 
|ise in enormous quantities, and hence the raw materials from which 
leijc agents are made must receive first consideration. It is obvious 
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that before a chemical substance is adopted for use in war, the raw 
materials from which it is manufactured must be available in the quanti'- 
ties required for, no matter how militarily effective a substance may bo, 
it .should not he adopted as a chemical agent unless it can be made in 
sufficient quantities from materials that are available under war condi- 
tions. Thus, if a chemical compound requires for its manufacture one 
or more ingredients which cannot be prodiH^d in quantifies from domestic 
materials, dependence must he placed on importation from some foreign 
country. Such a source of supply may be cut off in war, for even neutr^ 
sources of supply will be unavailable if control of the sea or mten^ening 



land areas is lost. 

For certain critical materials which are not required in prohibitive 
quantities and are stable in hmg storage, it is possible for a government 
to acquire in time of peace a sufficient stock to last through the duration 
of a war. Such cases will be exceptional, and we may therefore lay domi 
as a first requirement that the raw materials for a chemical agent should 
be available from domestic sources. This requirement at once rules 
out a vast field of possible compounds depending upon the extent of the 
domestic resources of a country. 

Ease of Manufacture. — Of hardly le.gs importance than availability 
of raw- materials is the next general consideration — ease of manufacture. 
No matter how effective a compound may be on the field of battle, if it 
is difficult to make, there is alw*ays the serious throat of failure of supply 
under war conditions. Complicated chemical processes require highly 
skilled personnel to carry tliem fut sncnessfully, and such personnel i#; 
difficult to make available when the whole industrial machinery is in higli 
gear to meet jnobiUaatlon demands, iloreover, special apimratus and 
equipment are frequently needed in the more complex chemical processes, 
often limiting production. 

A classic example of the difficulties and delaye, encountered in 
attempting to produce a chemical agent that involves a complicatiKl 
process of manufacture, is mustard gas. Notwithstanding that a process 
of making mustard gas had been worked out by ^■jctor JMeyer years 
before the war, France was unable to manufacture mustard and use it in 
retaliation against the Germans for nearly a year while I'ngknd did not 
uw it until after 15 montlis of intensive effort, Even when the Allies did 
pjMducc^ mustard gas tfiey had to make it by a much simpler piocess than 
that used by the Germans. 

Simplicity in production not only makes far less demands on the 
chemical industry but immensely simplifies the supply problem in war. 
Simple proceases can easily be completely performed in one plant, thus 
avoiding unneressary transfer of intermediates from one plant to another 
with the attendant confusion and difficulty of coordinating production. 
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Chemical Stability. — The next most important general requirement 
is perhaps chemical atability under all conditions of storage. Many com- 
pofunds otherwise suitable for chemical warfare react with iron and theri^ 
fore cannot be stored either in bulk in steel tanks, or in ordinary sheila, 
bombs and other projectiles. This seriously detracts from the value 
of the compound for war purposes since it necessitates special linings of 
lead, porcelain, etc,, in all containers and munitions into which the 
chemical ih filled. 

The most effective lacrimators used in the w’ar were bromine cem- 
jwimds, and these were not stable in contact with iron and steel con- 
toinerw. Much time and effort was therefore expended in developing and 
producing special linings for all receptacles for these gases. 

The production of satisfactory linings in this country proved to iw 
such a formidable task that immediately after the war the United States 
Army developed a new tear gas (CN) ivhich did not contain bromine ami 
was stable in long storage under all conditions. 

H]rdrolysla. — Closely associated with ehemical stability. is the matter 
of hydrolysis. If a compound hydrolyses in contact with water it not 
only greatly reduces its effectiveness in the field but seriously complic-atc^^ 
its storage and loading into munitions. Since water vapor is always 
present in the atmosphere, compounds that hydrolize must be complet^-ly 
protected from contact with the air in storage and ab^o special 
precautions must be taken in loading such chemicaJs into shells and 
’other projcctilea. 

Thus, phosgene slowly hydrolyzes in contact with water; hence, when 
filling phoagene into shell, great care must be exercised that the cavity 
<if the shell is absolutely dry before filling. Even ’ft'a.ter vai>or frf)*n the 
iiir condensing on the inside walls of the shell may be sufficient to hydrolizi? 
Ihe phosgene and break it down into hydrochloric acid which at once 
attacks tlie steel walls of the shell body. 

Potymwiiation.— Another form of chemical instability which is fre- 
quently fatal to the use of a compound os a chemical agent is iMiJymeriza- 
inm. When a chemical compound polymerizes, it usually cliangrs iutej a 
sul^tance which has radically different physical and physiol ogi<»al ])roj>- 
cities. Thus a chemical compound may be a very active lacriniator in 
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onr form while its polymer will have no laeHmatory power at all, «o that^ 
if polymeriaation occurs after filling into munitigns, such a compound will 
u><elcsB in the field. Tliis waa the difficulty with the FVench tear (Cos 
"Papite^' used in the war, Cheniically, ^'Papite^' is acrolein (CH*> 
CHCHO) and is a rather powerful lacriinator in its primary form. In 
however, it polytneriBes into a J!wcmdary form w'hich has Uttle or 
nn lacrimatory power. Hence this substance was subsequently aban^ 
Join'd ii chemical agent. 

DissociatUm* — An important requiTemeiit of a chemical agent, when 
used in projectilesj is capacity to withstand the heat and pressure of 
dispersion from strong thick-walled containers (such as artillery shell) 
without decomposition or dissociation. 

In order properly to open an artillery shell and effectively release its 
chemical contents, a high-explodve charge is used. Upon explosion, 
temperatures ae high as 3,000*^0, are created while pressures as great as 
80,000 lb, per square inch are generated in the shelL Many compounds 
that are perfectly stable at ordinary temperatures and pressures will 
break down and decompose under the high temperatures and pressures 
generated upon explosion of the bursting charge. 

In some eases, the decompoflition upon explosion may be complete, 
as when chlorpicrin is used wdth a large bursting charge. Here the low 
is complete, and such compounds cannot be employed in projectiles 
which require heavy bursting charges to open them. 

In other cases, only a partial destruction of the chemical filling results, 
as when too large a bursting charge is used with volatile ga^^es, such a« 
phosgene. But to the extent of the decomposition invoh'ed, the effi- 
tiency of the shell is lowered. To avoid such lo.sses, a shell of lower 
tensile sitreugth and a low-temperature type of explosive charge may 
he used. Such shell of cast Iron and semisteel were employed by the 
British and French during the war. But the capacity of these shell was 
much less than that of the steel shell so that the net gain was not great. 
Another solution was the thin-walled .^tecl shell which could be opened 
\rith a smaller explosive charge* In any case, however, compounds which 
tend to break down at elevated temperatures and pressures invoh-e 
limitations and technical difficulties that make it very desirable to find 
substances that are unaffected by such conditions. 

Another form of decomposition Is inflammability. If a clicmical 
filling ignites upon explosion a^id consumed in flames, its physiological 
effect is lost ; no it is obvious that a prime requisite of a chemical agent 
for uj^p in bursting munitions is capacity to withstand the ti^mporaturos 
and pressures of explosion without dissociation through burmng. 

Physical State, — Chemical compounds may be either solids, liquids, 
or gases at ordinary teinpiTatun’s. If gaseous at ordinary temperatures, 
it is essential that th<^ compound be I'apable of luring heltl in a liquid state 
under niodcrflt<‘ j>n‘ssitrcs, since the quantity of a gaseous substance that 
can be contained in au ordlnarj’ projectile is negligible. Chlorine and 
phosgene are exainphis of substances that are gaseous at ordinary tern-* 
peratures under atmospheric pressure, but these gases may be held in the 
liquid state under moderate pressures which <^n be maintained in ordi- 
nary projt^etiles. On the other hand, such compounds as hydrocyanic 
acid and carbon monoxide, while extremely toxic, cannot be liquefied 
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ordinary temperatures with moderate pressures, and hence these 
gases cannot be used successfully in projectiles. Accordingly, we 
may lay it down as a basic requirement that chemical agents must 
cither be solids or liquids at ordinary temperaturea and under moderate 
pressures, 

A? irtdween solid and liquid chemical agents, the solids are generally 
to be preferred as shell fillers since solids have many advantages over 
liquids in projectiles. If the chemical agent is a solid, the ca'idty in the 
j^rujt^tile may be completely filled, as in the case of high-explo«ive filling^ 
;im] thciv ijj then no difference in ballistic beha^dor between such chemical 
fihcll mid shell On the other hand, if the chemical agent is a liquid, 
dll' shell tflvity cannot be completely ffifed but a certain percentage of 
empty space mu?it be left in the shell to permit expansion of the liquid 
aith rise in temperature. The void thus left in the shell affects its bal- 
IL^fir characteristics, and the general experience in the war showed that 
liquid-filled shell had to be fired with special range tables* But whether 
or not .'spcTial range tables are required for liquid-filled shell* it is certain 



that the beharior in flight of liquid-filled shell differs from solid-filled 
shcjl Thifi difference is bound to be reflected in the dispersion of shots 
and the impact patterns obtained. This problem will be further con- 
sifh'U'd ill a later chapter on artillery shell 

Liquids have one possible advantage over solids as chemical fillings 
for pixuectiles in that they are generally more easily dispersed on the 
opening of the sliell As a rule, solids require a greater bursting charge 
to disperse them effectively, and the solid particles resulting dO not di&- 
Bt‘minate into the surrounding air so readily as the vapors generated by 
liquid fillings. 

Boiling Point* — Among the liquid chemical agents those with the 
higher boiling points and lower ^'apor pressures are preferred* In 
general, the higher the boiliiig point, the lower the vapor pressure at 
nrfliiiary temperatures and the less the pre.ssure generated in the container 
iij stitnigi'. Hence, generally, a smaller void may lie cmjiloyed in filling 
the shell and less leakage is apt to occur in storage and handling. On 
thf- other hand, the higher the boiling point, the greater the explosive 
charge required effectively to disperse the substance, and the less chemical 
will be r^ontained in the shell 

.-\nother factor of great importance in connection u-ith the Ijoiling 
jxiint is the difficulty of filling the shell. chemical whose boiling point 
is below ordinary summer temperatures, e.g., phosgene (b.p* 47'^,), 
nuwt be artificially cooled and held below its boiling point during the 
filling operation. This requires refrigeration facilities for precooling the 
f‘mpty shell and bulk phosgene and greatly complicates the process of 
filling. 
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Malting Point— While not so important os bailing point, the melting 
jjoint of a chemical agent is often of considerable importance if this point 
occurs within the range of ordinary atmospheric temperatures* Thus, 
tlie melting point of pure mustard gas is about 57^F*, so that mustard is 
ti liquid in summer when the temperatures are above 67^ and a solid in 
winter wlien the temperatures are below that point* In order to secure 
uniformity in ballistic effects and dispersion, it is necessary to keep the 
chemical filler in one physical state and, since it is impracticable to keep 
it as a solid above melting point, it is necessary to keep it as a liquid 
at ordinary temi>eraturo^i below its boiling point by the use of solvents, 
Conceniing this Mst- of solvents, Fries^ gives the following interesting 
data from the World War; 

In order thdt llie product (n^ustHird gas) in the eheU might be liquid at all lenv- 
ftfraturea, winter as well aa summer, the Gemians added from 10 to 30 per cent of 
chlorhemene, later uaiiig a mixture of ehlorbeaiene and mtrobetiaefie and still 
later pure njtrolx'iiaeiie, CaTl>oii tetrachloride has also been used ae a means of 
loweriuft the melting poiiU. Mnny other mixturev* sueh as cblorpJerin, hydiwTratik 
Ewid, liromooetonr, i ie*, were u»ted, hut were hot used. The effect on the rndtiiif^ 
I>oint of mustard gtts is ?!io\vn in the following table: 



MBLttNG Poi^T or Mustabd-oas MixTirn^ 




While t!ic difficulties iiudting pnints in the range of ordinary tem- 
cim be solvc<l by the iwo of .solvents, all these additional steps 
gieatly coir.plkatc p rod u< tint i and reduce the efficiency of chemical agenls. 

Specific Gravity*— Sul >stancivt ust^d as chemical agents during the 
war varie<l gn^atly in ?ti>ecific gravity* Some were lighter tliaii water 
while others were nearly twice iis ht^avy as water. Thist large voriatioii 
ill wciglit creates filling difficulties. On the other hand, oil the high 
explosives onliiinrily ustvl os shell filler>< eloscly nppFoxiinat<' a specific 
gravity of 1.5 .so thnt different kinds of explosive charges introduce Uttle 
variation in the weight of loaded H.E, aheU. As it is desirable that all 
shell Ih; brought to the standard weights, for w'hich range tables are cal- 
rululed, the nearer a chemical filler approaches the mean H.E*, specific 
g^a^'ity 1.5, the less variation there is between the chemical and H.E. 
shell; also the difficulties of filling chemical shell are fewer. 
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Vapor — BogartjUees of whether the chemical agent is a gas or 

a smoke, it must have a vapor density greater than that of air for other- 
wise, as soon as the agent is released from its ronUiner, it will immediateTy 
rise from the surface of the ground and thus Jose its phyMiologieaJ or 
obscuring effect* 

Ail the principaj chemical agents used in the var met this require- 
ment except hydrocyanic aeid, the vapor of which was only 0.93 times as 
heavy as air. In consequence of its light vapor, tliis substance prm'iKl 
very disappointing in battle, although it is physiologicaUy one of tJje most 
deadly gases known to chemists. Carbon monoxide is another very 
it^xic gas whicii cannot be UJsed in battle chiefly because its vapor density 
is less than air* Although the various substances used as chemical agentri 
in the war varied only about twofold in specific gravity in tlieic solid or 
liquid forms, tliey varied nearly tenfold in vapor density. Thus, the 
lightest gas used i^-as HCN with a vapor density of 0.93, while one of tlie 
heaviest gases used, DA, has a vapor density of 9.0. The average 
vapor density of the more important agents was about 5.0. 

In general, the hea^-ier the vapor, the better it will cling to the ground 
iind roll into depressions, dugouta, and trenchci^ thu^ exerting a more 
intensive and lasting effect upon men taking shelter in such plae<^<* 

As regards vapor density of a subatanee, we may say that it must at 
least be hea\*ier than air and the iieavier it is, the Ijetter its substance ia 
Ftuited for uae as a chemical agent. 

TACTICAL ££QU1RB1CENT$ 

Under the heading of Technical Requirements, we have reviewed the 
essential qualities which chemical agents must possess in order that tliey 
may be manufactured and loaded into projectiles in sufficient quantities 
to meet the vast requirements of modern war. We now come to a 
(onsideration of those properties which chemical agents must j)osscss in 
irtder to exert the effects required in battle. These we call iacti^ rvqitire^ 
menu. As the tactical effects of gases are markedly different from smokes 
:iiid incendiaries, it will be more convenient to consider the tiietieul 
requirements of each of these three classes of agents sefmrat<d 3 '. 

Gases 

We shall begin with the gases and note first those requirements whirii 
^Pply particularly to the gaaee used on the tactical offensive, a,s tlift^e an» 
the most exacting requirements. 

Toxicity. — In general, it may be said that, for the lethal and casualty- 
producing gases, toxicity is probably the most important requisite. 
Since the casualty effects of* most gases are in direct proportion U> theii 
toxiciiiets, it follows tliat the more toxic the gas, the more effective and 
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efficient it is as a chemical agent. Ur, stated in another way, the aame 
casualty results can be produced with decreasing quantities of the agent 
and with shorter periods of exposure, in proportion as its toxicity 
increases. This follows from Haber^s generaUaation that toxic effect b 
proportional to toxicity times exposure time (see page 12). Perhaps the 
only exception to this toxicity requirement is in the case of the lacri- 
mators, where toxic effects are not desired but where temporary inca- 
pacitation over the widest area with the minimum expendituni of 
chemicals is the prime consideration. Such a result, hoaTver, is hardly 
a war requirement but belongs more properly to the class of agents 
suitable for quelling domestic disturbances* Indeed, i^ith far more 
effective agents available for general haroHsmeut of troops in M'ar, it 
difficult to foresee the future use of lacrimators in battle, although tliey 
undoubtedly uill continue to be widely used in war for the training cd 
troops behind the lines. 

With the exception of lacrimatora, we may say that toxicity is a funda- 
mental requirement of all battle gases. High toxicity alone, however, 
does not necessarily make an effective casualty agent on the field of 
battle, as many other factors enter into the final effect* This fact w*as 
not sufficiently appreciable in the early years of the war and matiy verj' 
{■oatly mistakes were made. Thus, the French w’ore deceived into 
adopting HCN as a toxic shell filler by the extremely high toxicity of 
this gaa in laboratory tests. However, oulng to the fact that It U 
extremely volatile in the open air and tliat its vapor is lighter than air, 
it proved to be almost impossible to set up effective concentrations in 
artillery shoots with these shell* Another peculiarity of HCN is that, 



unless its oonoentration exceeds a certain critical figure, it is almost 
liarmiess* These two peculiarities made the French Vineennite (HCN) 
shells one of the most outstanding failures in chemical warfare during 
the war* 

Multiple Effects.— Next to toxicity, the majuier in whicli a gas exerts^ 
its action upon the body is the most important tactic^al con*'iide ration. 
Many gaaea have more than one mode of action. Ttius, chtorpicrin is 
lioth a laerimator and a lung-injurant gas so that both the eyes and 
lungs must be protected from this agtmt. Dimethyl sulfate (Genmm 
D-Stoff) is both a laerimator and a \’esLeant, and the eyes as well as the 
liody must be protected; mustard gas has a triple effect, lieiiig a ^'esicant, 
lung injurant, and laerimator combined* Hence mustard is the tuosf. 
difficult gas to protect against and for this reaiion it U onc^ of tlie most 
valuable tactical agents. 

In general, the more extensive the inode of art ion of a gas, i.e., the 
greater the number of physiological effects it jiroduees, the more valuable 
it is from a tactical viewpoint. ^ 

PerslfteiDcy. — Since the toxic effect of a gas is a product of its toxicity 
nnd time of exposure, the next most important requirement for a casualty- 
l>rodueing gas is its persipttency. By persistency is meant the duration 
Ilf time an agent will remain around its point of release in an effective! 
I'oncerit ration. It is obvious that, no matter how toxic a gas may he, if 
it U so volatile that it lasts only a few seconds after being rele*ased, it 
cannot produce worth while casualty effects. Persistency is a function 
of the boiling point of a substance. That is, the higher the boiling 
jioiiit, the slower the liquid ^111 evaporate and the longer it will persist 
in till' field. Also, since volatility is a measure of the rate at which a 
liquid ex aporates, persistency is an mverse function of volatility, and the 
more volatile a liquid is, the less persistent it nlll be* 

Duration of Efiecti. — A>wimiiig that the primary object of battle is to 
defeat the enemy by inflicting upon him, not fatalities, but ratlier non- 
fatal casualties of as long duration as possible, those chemical agents 
winch produce the most lasting casualty effect^ are the most efficient. 
In this requiFcmeiit, mustard is the most efficient chemical agent that 
was used in the war, as it produced Elovy -liealing wounds but was fatal in 
only a small percentage of casualties. 

Speed of Action. — Tiie next most important tactical requirement U 
rapidity of action. Some substances act i^ith remarkable speed in 
producing effects upon the body while others act very slowly, and their 
effects are not noticeable until many hours after exposure. Thus, HCN 
acts with almost lightniiig rapidity w'hen present in lethal concentrations* 
fhic or tw’o full breaths of this gas are sufficient to eanse instant collapse 
and death Within a few minutes. On the other iiand, mustard gas is very 
slow acting and, in asual field concentrations, does uot produce noticeable 
f^ymptoins until >ieveral imurs after expasure. 

Hcgardh‘ss of the type of gas, if is obvious that the quicker it produces 
its effects, the sooner it .secures the desired tactical results. Gases that 
aiT ini ended for casualty effect?? on the offensive must ol^viously be quick- 
iv'iiiig and bring about incapaeitatiou during tiie attack viliich may last 
only u few minutes. For this reason, mustard gas, whinli does not 
mi apucitate for several iiours after exposure, is unsuitable as an offensive 
(as and would lie of more general value as a war gas if its speed of effect 
were gnrater* 

ItuidlousnesE. — If a gas produc-es uncoinfortable or painful physio- 
kigic'al effects upon first exposure to it, men will at once lie aware of its 
javsence and take moa-sures to protect tliemselves and thus render ineffeo 
tivc tile power of the gas. On the other hand, if a gas is insidious in 
nbd produces no warning discomfort during the necessary period 
'jf expo^^ire, it will exert its full casualty effect before countermeasures 
be taken. Obviously, therefore, the more insidious the artioti of a 
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gas, the greater its surprise effect and tactical value* Moreover, the 
slower the action of a gaa in producing its physiological effects, tlie 
greater the need for insidiousneas in action* Thus, mustard-gas vapor 
is effective in low concentrations only after several hours^ exposure, gu> 
that, if it were not insidious in its action and difficult to detect in low 
roncentrationE, troops would not remain exposed to it for a sufficient 
time to become caflualties. But because mustard^s vapor n? l>otii 
insidious in action and almost impossible to detect in low concentrations,. 
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it has a high casualty power^ although it is i^low in action and although 
its effects do not manifest themselves for several hours after exposure. 

Volatility is also an important property of a casualty gas since it 
determities the maximum concentration which can exist in the open air 
at any given temperature. In general, liquids of low boiling points and 
high vapor pressures build up much heavier concentrations in a ^ven 
volume of air than liquids with high boiling points and low vapor pres- 
sures, In fact the maximum concentration that can be held in the air 
(saturation point) is a direct function of the ^^o!atUity of a substance (see 
definition on page S). The mathematical relations between persistency, ‘ 
volatilit}’', and I'apor pressure are shown by the formulas in Appendix A. 

Tht^ forc'going remarks eonceniing volatility apply particularly to the 
lethal or casualty-producing gases. With the neutraliiing gases, such as 
mustard, and the harassing gases, such as DA, wliere immediate casualty 
effects are not primarily sought, the best tactical results are secured by 
maintaining a low concentration on the target area for a maximum period 
of time, and i>crsistency then becomes of paramount importance. The 
princiijal Toquirements for the neutralizing and harassing gases are, first, 
great jw^r.'^i^itciK'y and, second, (effectiveness in low concentrationfl over 
long periods of time. 

Penetrability. — Other tilings being etjual, the greater the power of a 
gas lo p(-n<‘trate tlic enemy's masks, protective clothing, and other 
means of chemical defense, the greater i\iU be the offensive power and 
tactical value' of the gas. It has been estimated that tlie mere wearing 
of a mask (even of the late.-st improved typt*) reduces the physical vigor 
of trfsips about onc-fourth. Tlie addition of [irotective clothing still 
further reduees the physical activity and stamina of troops and thus 
greatly impiiirs their fighting ability. The grt^nt^T the ]>enctrating power 
of a gas. the more elaborate must be the protective equipment of the 
enemy with a corresponding reduction in this combat |X>wcr. Hence, 
the jient'trability of a gas is an important factor in itis tactical value. 

Invisibility.— Regardless of the type or kind of gas, it is generally 
agreed that it is most effective in the fi<'Ul wh^m used as a surprise. The 
more difficult a gas is to detect by the i^iises, the more readily men are 
taken unawares — hence the importance of invisibility, which prevents 
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troops from seeing the approach of a gas cloud and perceiving the extent 
find limits of its ooncehtration. 

Odurtessneea. — Next to visibility, gas concentrations are mo»*t 
usually detected in the field, especially at night, by the characteristic 
odor of the agent. The more nearly odorless the substance is, the moiv 
deadly is its surprise effect. 

Smokes* 

* The .^Hbukrs htire considered arc the nqntoxte nrrccjuiig r^mokes. Toxic iS^incikcH aiv 
lacticuily xlic sumc as casualty fEaaea except with regard to A^sibiliiy. 

Total Obscuring Power. — PaHj^ing now to a consideration of the 
rt(-eoutl class of cliemieal agents — the snmke.^i — find quitt' diffcnMit 
tactical requirements. Since the purpose of a smoke is to obst ure ’vision, 
<^mccal terrain, and uot to cause caisualtios, fliciv is no necessity for a 
?ijiujke to be odorless, while visibility or rather tibscuring jimver Is a 
fundamental requirt'meiit. Smokes are generally rated on the baaiB of 
their total obscuring power (T.O.P.). Total obscuring power is a function 
ijf tlio opaxity of the smoke particle and dciisitj' per cubic loot of air, 
ilore specifically, the total obscuring powfT of n smoke is tin' pividuct 
of the volume of smoke produced per unit wciglu of inafx’rial and the 
ilensity of the smoke, Ciieinical ageTjts vary greatly in olwcuring 
ixjwcr and only those with high total obst-uiing ]ji>wcn4 an" .suitulde as 
^ri't^c'ning smokes. 

Persiatency.— Next to total obs<'uriiig powci', persist ciiey is the must 
important requirement for a smoke agent. Tlic' nuire ts'isistciit a smoke 
Is, the less material is required to maintain a st*reen for a given time, and 
hence the more effective and economical the agent is. 

Capacity. — The thii'd requirmnent for a smoke agent is its sniokt- 
prMueing ea|>acity per pound x>f agent. Smoke-piioducing ('liemicnl 
I uin pounds vary greatly in their output per unit of material and the 
((impound which produces the. greatest quantity of smoke per jjound of 
material is the most, efficient-. 

Density.' — 'The next most desirable pra}>**ity ft^r a .sjnokc' denwfy, 



(IT sjKTific wciglit relative to air. It is obvious that the heavier the smoke 
is, the hfss it will rise from the ground and the Iwttc'r it will cling to and 
cov’crr the ar<?as to be screened, m that den-sity or iieaviness is an imjjor- 
tant rt'quircnicnt. 

Hannlesanesa* — Another important requirenumt for a scrpf'uing 
smoke is tliat it should exert no deleterious cffei'i ujmn iicrsonncl, since 
i^iiioke is frequently usihI to envelop friendly troojjs for their protection, 
if a Asmoke is irritating, the time during which troops can bo blanketed 
ia reduced and the" effect upon the morale of the troops is adi'crse, evtm if 
no undcsirahlo physiological effects are produced. 
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Temp«i«tiirft.-^ber things being equal, a cold imoke is preferable 
to a hot one, for the hotter a smoke is, the more it will tend to ascend in 
the air, and the lew its screening value will be. For this reason, smokes 
w'hich are the products of chemical action, such as hydrolysis (c.g., Fi!) 
possess certain advantages over amokes which are the result of combus- 
tion, as buming-oil smoke. 

Color. — White smoke in most terrains blends better with the horison 
line and is preferred to black or colored smokes for general concealment. 

Inces-diauieb 

The purpose of incendiary agents is to destroy enemy material by 
conflagration. Accordingly, the fundamental requirement of an incen- 
diary agent is that it have the capacity to «‘t fire, under the most adverse 
(!onditions encountered in the field, to whatever targets it is employed 
against. 

Temperature. — The first tactical requirement of an incendiary agent 
is that it generate within its otvii substance an extremely hot fii'c, prefejv 
ably one emitting flames. The higher the temperature generated by the 
incendiary substance, the greater its capacity to set fire to target material 
of low infiammabilify. 

Time of Burning. — The next requirement is one of time of buniiiig. 
The longer an incendiary^ agent bums, per pound of material, the longer 
it will sustain initiating fires and the greater ’aill be the chances (jf 
ilpiiting the material against which it is employed. 

Unquenchabillty. — A military incendiary agent should also preferably' 
be unquenchable by water, as water is generally the only means avail- 
able in the field for putting out fires. 

Spontaneous Combuatiotu — From a tactical viewpoint, spontaneous 
combustion is a distinct advantage in an incendiary material, wince all 
that is neoeasary’' to nse thr? material for initiating fires is spread it 
over the target area and spontaneous combustion will create the desired 
results. From a technical liewpoinf, wjxmtancous combustion is adv'an- 
tageous in ’that such a material does not require a fuse and special 
igniting charge tviih the resulting complications that these elements 
involve- On the other hand, tedmical difficulfib? in storage, handling, 
and filling into projectiles are created when an incendiary agi^it is 
spontaneously combustible, and tbeoe must be carefully' weiglied against 
the above advantages. 

Extinguishment in FUght. — If an incendiary' agent is to be used in a 
scatter-type projectile, t.c., where the incendiary charge is to be scattered 
over A large target area, an additional requirement is demanded of the 
incendiary material, m., the burning particles must not be extinguished 
in flight after buret of the projectile^ This is a very difficult requirement 

to meet nnleea the incendiary material is spontaneously combustible for 
the reason that there is always a critical velocity abo^^ which a burning 
particle cannot be projected through the air without extinguishing its 
Aames. This was the principal reason for the failure of the early typew 
uf inrt'iidiary bombs which were dropped from the German Zeppelins on 
London aiid Paris. These bombs were made of nonspontaneously com- 
bustible materials and a'cre ignited, either on release from the bomb 
rack or by a time fuse after a short period of flight. The bombs would 
tlit'n burnt into flames while high in the air. The increasing velocity 
af'quircd during the remainder of their fall would exceed the critical flame 
^ i'l(jcity and extinguish the flames from the bombs before they readied 
the ground. 

Tlie same difficulty occurred with the early types of incendiary artil- 
lery' shell which were constructed on the shrapnel prindple. It was 
found that when there eliell burst they expelled their contents {as lumps 
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of burning incendiary material?) at eucb high velocities as to extinguish 
tlie flames from the lumps* Consequently^ if an incendiary material it< 
1101 si>oiitaneously combustible, it must be able to maintain its fire when 
rxiielied from the projectile by the bursting charge so that the incendiao" 
IKirticles will be brought in contact viith the target matenal in a burning 
nmthtion. 



ftSQUntEMKNTS FOH IPEAt AOKftTS 

Since we have now reiicw^ed the requirements for chemical agents 
at some length, ve may summariM this subject by stating the qualities 
and characteristics of an ideal chemical a^nt of each type. 

OfieoEive Gas* — The ideal combat gas for uSv^ on the tactical offerivive 
siimild meet the following requirements: 



Teclmioal 

1. Availability of niiv nifiJeriHlH. 

2. Eatic of mAiiufiieturv. 

3. Chemical ^uibiJiry. 

4 Konhvdrttlyiuhle. 

5* WithHtandB expIcMsion withont dfvom- 

pofiit.ion. 

6. A Bulid at ortlindr^' teiuperKtii™. 

7r Melting point itiHSLiirmm 

atmospheric Tern perat are. 

8* Boiling point ad low a» poaeible. 
fl. High vapor preswnre. 

10. Specific grarity approxiinnleb I S- 

11. Vapor density greater than air (the 
heavier the better). 

Phosgene, which is described in detail m Chap. VII, came closer to 
lueetiiiR the above requirements than any other substance. It fell short 
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of the ideal requirements chiefly in respfct to the following: it lackod 
multiple effectiveness, being a lung injurant only; except in high con- 
iM'ntrations, it was not immediately effective; it w'aa not odorless and, in 
i-cntact with water vapor in the air, it formed a w hite steamlike eloud and 
was thus not invisible; it hydrolyzed slowly with ivater and lierice w^as not 
(effective on very wet days; being a gas at ordinary temiwiatures, it had 
to l>e artificially cooled to be filled into projectih^s* But e^'cn w ith thm‘ 
limitations, phosgene was the bent ull-j tnmd ojfermive gas us<^ in the war. 

DefenEive Gas. — The ideal combat for usi' on the tat-tical 

should also meet the abo’S'e requirements except that it should l>e per- 
sistent rather than nonpersisteut and it should be effective in low' 
cioncentrations* 

Mustard gas came close U> the ideal defensi'^'c gas, being dt^fleient 
only in the following particulars: it was nc^t immediately effective; it had 
a faint odor; it was not easy to nianufatdiire; it slowly hydmlyzed in 
(contact with water vapor in the air and with water on the gromid; it was 
a liquid at summer temperatures and n .solid «it winter temperatures; it 
had a rather low' vapor pressure. But, even with these limitations, 
mustard gas proved to be not only the best defeusiA'e gas but tlie best 
all-round casualty agent used in the war. 

Harassing Gas.— ^The ideal baras.^ing gas should have the sai^u- 
requirements as defensive gas but should also be effective in very mucii 
low'er concentrations in order that it may cover a layge area with minimum 
expenditure of ammunition, and thus justify its use despite low' toxicity* 

DA was the most effective harassing gas used in the w’ar and fell 
short of ideal requirements only as to the following: it liad only one 
physiological effect— sternutatory; it was not very jjcrsistent; its c^ffetis 
were of short duration, generally a few’ hours; it was not volatile; it hod a 
detectable odor; it was extremely difficult to make; it had high melting 
and boiling points and low vapor pressure; it w'as difficult to dispe^^^ti in 
:lii effective form. Notwithstanding tlu^e defi<ieiuies, lunv<"i'pr, tliis 
(^mipound is a very effective harassing agent whcit used under proper 
('^mditions* 

The tdeed smoke agent should meet the f(}llowing n^quin^ments: 



I. Hiph tpxidty. 

- Miilijplc effect hHDpw, 

-i Xii[i]HTsistcitfV, 

i. Ltbi iri (ji" muximuin duration. 

^ effpctivenesB. 

li. in action. 

7. ^nliitiUry fniaximam field conc^pntta^ 
tioii k 

S. PcnotnibiLity. 

H. Invirtihility. 

10. OdorltHenesB. 



Tactical TecLii'iical 

1. High total ghBcuring power. Same ab for KAsCfi. 

2. High persist ency. 

3r X^arge emoke-producing capaeUy. 

4r High apcdfic weight relative to air. 

5. Low temperature of generation* 
ti. No harmful ph^isLologioal effect* 



White phosphorus w’as the most suceeasful smoke agent used during 
the war, although it failed to meet the ideal requirements in the follow'ing 

4U 

particulars: unless used on the progressive burning principle, it W'as bw' 
in pcrsiHtency; the smoke generated, being lighter than air, tended t<* 
jif*e rapidly from the ground and, also being a product of combustion, 
the smoke liottcr than the surrounding air, which still further 
HCfclcrated its upward movement* While the smoke itself w'a*s relatively 
liarmleHB, the vapors generated by the burning particles of phosphoru^^ 
were vory poisonous, although the effects were not manifest until long 
after exposure. Also the burning particles of phosphorus caused painful 
wynmdf^ when brought in contact with the body so that phosphorus bad 
H vciT th^cided casualty power in addition to its obscuring pow er* 

*A? to technical requirements for smoke shell, phosphorus was very 
srtth^factory, the only difficulties involved with its use in projectiles being 
riiosc' encountered in aiiy sponts.ncously combustible material* It had 
TO ix‘ stored and loaded under w'ater so os to exclude all contact witli 
air, and any leakage in storage and handling immediately caused fires* 
However, notwithstanding its limitations, phosphorus w'as the bcjiit 
World War smoke agent and in many respects remains among the best 
sinokn producers today although many new cold smokes, generated by 
iioncomlmstibie chemical reaction, have been developed since the w-ar to 
romiMic with phosphorus as a smoke agent and are better adapted for 
im‘ctiug .smoke screens from airplanes* 

The j^eal incendiary agent should meet the following requirements: 

Tactical Techmcal 

1. HiB;h combiiatibility. Same as for gases* 

2. High lemperaturc of combustion. 

3. Fm unquenchable with water. 

4. Firr lutt eirtjnguishablo in flight, 

£. Sp*prM[mcouflly rmuhiLstible. 

fi. SuKiuiiicil fire goiicrfition. 

7. ^vith flamcB. 



M]'‘ iiit't'ndiaries used during t-he war were chiefly of tw'o kinds: 
H i ilie Ki:jitter type consisting mainly of mixtures of inflammabie oils, 
reshi-s tar, etc., primed with phosphorus, sodium, and the like; and (2) 
the iitJcmive tyjK, consisting chiefly of thermite and similar metallif- 
chiauieally reactive mixtures producing intense thougii highly eoncen- 
tratnl 

None of the World War incendiaries proved to be outstandingly suc- 
tcwful, and much room for improvement remained in this field at the 
close of the w'ar. 

Altliough primarily a smoke producer, white phosphorus was about 

wtisfaytnry an incendiary agent as any material used in the w'ar, 
although it lucked many d^irabie qualities. 
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In the light of what has been said above as to the many exacting 
n*quirements W'hich ehemieal compounds must meet in order to qualify 
a.s chemical agents, it le not difficult to understand why, with many 
thousands of compounds from w^hich to choose, so few- met with suceesa in 
the World War and W'hy so many of the early chemical agents were failurefl. 

This does not mean, however, that there will not be greatly superior 
chemical agents in the future. On the contrary; the progress that has 
been made in chemical-w’arfare research and development during the 
few years since the w*ar completely negatives such an idea. Future 
developments will undoubtedly be along tw'o general lines of effort (I) 
to find more effective ways and means of using known chemical agents 
and (2) to find more pow'erful compounds* 

T'be progress since the war has been mainly in the first .field, t.s., 
improving the w'ays and means of using know-n chemical agents. The 
reason for this is that the full pow’er of successful World War chemical 
iigents W’as by no means developed by the military technique under, 
w’hich they were employed. There hj consequently little advantage in 
finding more powierful agents wdiiJe the full posHibilities of those already 
known remain unexploited. For example, it has been determined that 
20 mg. (alK)tit tw^orthirds of a teaspoonful) of mustard vapor quickly 
absorbed into the lungs of a man will cause his death* At this rate, 
there is enough potential poison in 1 ton of mustard gas to kill 45,000,000 
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men. Yet, during the last war 12,000 tons of mustard caused only 
400,000 casualties!, or an average of 33 casualties to every ton of mustard 
used in battle. With this great discrepancy between the potential and 
actual easualty*producing power of mustard gas, there U little reason to 
look for still more powerful compounds. On the contrary, if sufficient, 
effort is expended in finding more efficient ways of using it, mustard ^iil 
uudoubtedly yield far greater results. Already two means of using 
mustard gas have been developed which greatly increase its effectiveness 
in the field, m., sprinkling from ground vehicles and spraying from 
airplanes, of which more will be said in a later chapter. 

However, while military effort is being principally devoted to improv- 
ing field technique in the use of chemical agents, industrial research i^ 
constantly di.scovering and studying new compounds, some of which T^ill 
undoubtedly prove more powerful than any chemical agents heretofore' 
employed. In fact, so vast is the field of cheraie^ry and so far-reaching 
are its potential powers that no man will presume to predict its ultimate 
possibilities in either peace or war. The only certainty in the future is 
that of pro^;resif; no government worthy of the name will risk the security 
of its people by failure to take military advantage of the unremitting 
progress that has been and will continue to he made in the ever-widening 
fields of science, 

CHAPTER III 

DlSSEMmATIOH OF CHEMICAL AGENTS 

To be effective in battle, chemical agents must be properly dissemi- 
nated over a suitable target area. Dissemination comprises tv o, proc- 
esses — the delivering of the chemicals to the target (accomplished by 
projection), and the spreading of the chemicals over the target in an effec- 
tive state (accomplished by dispersion). Dissemination of chemicals, 
therefore, coiLslsts broadly of their projection and dispersion. 

The various methods and processes of dissemination are considered in 
this chapter, while the weapons and material utilized for this purpose are 
treated in Chaps. XIV to XVIII, in connection with the arms to w'hich 
they pertain. 

MEANS OF PROJECTION 

During the World War, chemicals were disseminated by every mili- 
tary arm, although the air corps did not use toxic gases. When chemical 
warfare made its appearance in 1915, there was already a large variety of 
high-explosive weapons in use. As chemical ivarfare was born during 
the Tfar and there was no prewar development of its materiel, the first 
chemical munitions were hasty adaptations of high-explosiv e weapons, 
although subsequent experience showed that some of these weapons were 
not suitable for chemical dissemination and were every inefficient for this 
puqiose. 

The first use of gas in the World War was from hand grenades, which 
< uuld be thrown about 25 or 30 yd. Owing to their limited range, th<'y 
enuhi he ustd only in band-to-hand combat and frequently exposed the 
using trooi)s to the diemicaL< employed almost to the same extent as the 
I'licmy. They were, therefore, of advantage only when employed by 
maskfd troops against an ‘unma.sked enemy. When masks w'ore available 

both sides, their general combat effectiveness largely disappeared. 

The next step was to put chemicals into rifle grenades which could hr- 
projected from 200 to 250 yd. This was still too close to permit the 
using them to emploi" them without masks and, as musks fnr- 
»<i*hed complete protectioh against the gases in these grenades, they 
''^’vre not much more effective than the hand grenades, How’e^’er, w hen 
used with smoke fillings, especially w*hite phosphorus, they did afford 
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coneiderable protection to small bodies of infi: y in the attack and 

continued to be used for this purpose throughout the war. 

Although chronologically the next use of gas was in artillery sbeN 
(in January, 1916, by the Germans on the Russian Front), these shell were 
a failure and the sucoeseful use of gaa in artillery slicll w'os not accom- 
plished until the summer of 1916 after the great cloud-gas attacks from 
cylinders iu the spring of 1915. We may, therefore, say tliat the. next 
development in chemical warfare w'as the cylinder method of disjM^rsion. 
I'he effective range of gas released from cylinders varit-d greatly with the 



wieather and other local conditions and the numbers of cylinders employed. 
As a general rule, it may be said that gas clouds ware effective to u depth 
approximately equal to the front from which they were projected, 
although in several notable instances the effective depth was much 
greater. As the diffusion aiid dilution of the gas releaned fram cylinders 
increase roughly as the cube of the distance dowTiw ind from the piint fd 
release, very large quantities of gas are required to project effccti; e i im- 
centrations for distances greater than 2,500 yd., and we may, therefore, 
delimit the effective zone of cylinder attacks by this range, except for 
unusually large operations. 

Beginning in the summer of 1915, chemicals w^ere loaded into artillery 
shell, first of the light calibers, and then of heavier calibers, as the w ar 
progressed. By 1917, artillery of all calibers w'ere firing chemical shell 
although many of the heavier shell were unsuitable for cbemical 
dissemination. 

Following the attiliery shell, the use of chemicals next extended to 
the trench mortars, though here again the slow rate of fire and immobility 
of heavier calibers w^ere altogether unsuitable for chemicals; the lighter 
ealibera did not have shells of sufficient capacity for this purpose. 

It was soon foimd that artillery was not adapted to dissennnate 
chemicals within the zone of infantry combat becau.se of the fiat trajectory 
of the guns, the low^ chemical capacity of the shell, and the difficulty 
of placing effective concentrations relati\'cly close to our own front 
lines, w'ithoiit danger to friendly infantry. Since exulting types of 
trench mortars which normally covered this zone with higlj-expl<^ivc 
tires were unsuitable for establishing and maintaining gas niid sjuoke 
concentrations, and since cylinder operations were too limited by adverse 
winds and weather conditions, tlie problem of how' to cover the infantiy 
combat zone with effective chemical concentrations at all times became 
very acute. 

This problem was finally solved by the British, w’ho first devised 
special (Livens) projectors which ivere adapted to fire in ime salvo a large 
number of high-capacity bombs for a maximum distance of 1,800 yd., 
and thus create extremely hea\y gas concentrations within the enemy's 
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dcfenrivfl positions. The chemicals released from Livena bombs were 
already on the target area and hence did not have to travel across 
unoccupied terrain wdth resulting loss of strength, as in the case of gas 
released from cylinders. The Livens projector was a very effective 
means of cbemical projection and was extensively employed on both 
ndes during the remainder of the war. However, it required much 
labor and time to install and was adapted for use only in very Etabilized 
situations. 

To supplement the Livens projector and to provide a more mobile 
devic^^ which could be used in open warfare, the British also developed a 
tqjpc'irtl diemical (4-in. Stokes) mortar, which Tvas a compromise in 
mtjbilily and capacity between the 3-in. and the 6-in. H.E. mortars. 
Tlie 4-in. chemical mortar had the same range and rate of fire (20 rounds 
per minute) and almost the same mobility as the 3-in. mortar and, at 
the same time, a shell holding nearly three times the amount of chemical. 
Tlie 4-in. chemical mortar thus bad a gas-projecting capacity nearly 
Ihree times that of the 3-in. mortar and proved to be one of the most 
valuable means of projecting chemicals devised in the war. Because of 
its mobility and the fact that it could be used in small and large groupp 
Mumlly well, it was a very flexible w^eapon well adapted for a wide 
variety of tactical situations. 

'Fhc cylinder, projector, and chemical mortar were all used to lay 
down chemical concentrations in the infantiy combat zone. Each was. 
necessary to supplement the other in order to fully cover this important 
field with chemicals in all tactical situations, and these devices were, 
therefore, Eroiq>cd together iis a(>ccial ebemiesL weapons. Because of 
the skill and .'^jieriai training required to place effective concentrations 
of gas and smoke in the infantry combat zone, close to friendly troops, 
il wuH early found necesfiary to organize spceisl troops to man thew' 
spcr-laj chemical weapons. These troojis were paiiiculariy trained in the 
use of these sjjecial weapons and thoroughly understood the capabilities 
:uid limiiEitions of each. Thej^ were known in the war as special ga^ 
irofipti lind, wliile oiiginally organized as engineer units, they devotevJ 
their full time to chemical operations and were in fact chemical troops. 
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Altlumgli gafi was not diasominated from airplanes during the lat^' 
war, iru^cndiary and smoke agents were employed in drop bombs early 
in the war* Since the war, many nations have developed means for 
employing cUemicals from airplanes. 

Numerous special chemical devices such as land mines, toxic smoko 
candles, amoke generators on tanka, etc,, have also been developed during 
the postwar period by many of the principal world powers. 

We may summarise the poasible means for projecting chemical agents 
by operating arms as follo\^'s; 
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Munition 

Smoke generators oti tanks 
Hund and rifle grenndes 
Smoke eandlea 
Smoke generators^ portable 
Af^compa living mortar CSl-tnm.J Hinoke 
Toiie gas cylindfTs 
Livens proiectora 
Chrmieal mortura 
Chemical sprinkiere (nnnrhiiniacd) 
Toxic smoke eandlctt 
Flame projectors ^ 

Artillery shell ^ 

(Light and me<Uum enUbcrs)} 

I^p bombd ( 

Chemical eprinkii-rs and spniyerKf 




Operating Ann 
Infantr^^ aod cavalry 

t Inrantr^' 



Speirini chemical troope 



FieLi artillery 

Air corps 



With the addition of the postwar chemical armament, there now exbts 
means for diaaeminating chemicals, not only to all parts of the battlefield, 
but even to the areas behind the front and as far into the interior of the 
enemy^s country as the cruising radius of bombardment planes will 
permit. 

In order to coordinate all the various means for dl^iseminating chemi- 
cals and to insure that each is used to supplement the others in the 
most efficient manner, the Theater of Operation.-? is divided into Eones 
progressively increasing in depth from the battle front. Diagram 
I (page 55) shows in schematic form such a Boning of the Theater of 
Operations. 



METHODS OF PROJICTIOIT 

RegardlesH of the technical means employed, there are but three 
basic methods of placing chemicals on a target area. First, by releasing 
the chemical from containers installed m one's own front lines, and 
depending upon the wind to carry it to and over the target area. This 
may be called the method of release at oriffin. Second, by releaj^ing from 
containers projected on th^ target area by some physical means, such as 
firing from a gun (chemical shell), dropping from an airplane (chemical 
bomb), or placing in position by retreating troops (chemical mines)^ 
This is the method of release on target. Third, by releasing the chemical 
from oontaioera carried by airplanes over the target area and depending 
upon gravity to cany it down to the target area. This U the method of 
relea:iie over target. 

From what hae been said above, we may now summariEe the possible 
methods of projecting chemicals as shown on page 55. 
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A discussion of the technical means and mat^el used for projecting 
chemicals will be found in subeeduent chapters pertaining to the several 
ami8 which employ chemicala. 

Zon* arTbombardfOSiTf' ovierHan (tlEO mile*) 
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Di^auir I. — Zoning of the Tbwter of Operation*, 



METHODS 'OF DISPEESIOIf 

In previous chapters we have seen that chemicals to be tactically 
effective must be brought into contact the body or the body must 
be surrounded by a toxic atmosphere in which the concentration of the 

55 
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chemical is at least equal to the minimum effective strength for a given 
time of exposure. Since troops in battle normally take advantage of all 
available sheltering cover, it is not ordinarily possible to bring a combat 
chemical (in its original physical state) directly in contact with the body. 
This being the case, it is necessary to distribute the chemical as uniformly 
as possible, in a finely divided form, throughout the atmosphere covering 
the target area, so as to create a toxic concentration which envelops the 
unprotected ht^ and penetrates it through the lungs or skin. This is 
the problem of dispersion. 

Physical States. — Under ordinary field conditions, combat chemicals 
may originally be either solids, liquids, or gases; only a very few (Cl and 
CQ) are true gasea; a few (DA, DM, and CN) are solids; the majority 
are liquids. 

Dispersion as a Oas.—li the chemical is a gas at ordinary tempera- 
tures [say +20*C. (68*^".)] and atmospheric pressure, its dispersion is 
easily accomplished. It has only to be released from its container, when 
it will escape into the air and rapidly permeate it by expansion and dif- 
fusion, until a fairly homogeneous mixture is obtained. The problem of 
dispersion of a gaseous chemical is, therefore, very simple; it being 
necessary only to release a sufficient amount of the ebenJcal to insure 
an effective concentration by the time the toxic cloud covers the target 
area. 
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jyisper^ ca cn j4ero«oI.— The dispersion of liquid and solid chemi- 
rals U much more difficult* All liquids and many solids give off eome 
vapor at ordinary temperatures even though their boiling points are far 
above maximum atmospheric temperatures. These vapors act like true 
gsses and, from a chemical-warfare viewpoint, m^y be regarded as 
such,* But the percentage of vapors given off by moet liquid and solid 
comJrtit ehemicalfi under ordinary field conditions is so small as to be 
practii^ally negligible unless the substance is heated, in which ease the 
larger part, if not all, of the substance may be vaporired and pass off into 
the air in vapor form. Excepting the few cfiemicab that are true gases 
in the field and those that can be readily vaporised at ordinary field 
temjwrafnrcti, chemical agents are u.'^ually dhipenaed in the form of 
exceedingly small solid or liquid particles. 

* In u vapor Le n gse at s temperature below tbe boiLing point of the 

WTojpniKiiiig liquid, 

each molecule in a ^-apor is free to move according to the gaa laws, 
vapors, in gener<d, olny the laws of gases and yield vith air homogmeow 
mixtures. In smokes, howex-'er, the molecules are not free to move 
individually, but are clustered together in bunches, so tiiat smokes do not 
rigidly ol>ey the laws of gases, but yield with the air heUntgenecus mix- 
tures. Such mixtures are dispersed systems, comprising a gaseous phase 
—the' air — and a solid or liquid phase — the toxic substance — in very 
finely divided particles* The most common forms of dispersed systems 
«rf‘ thiwr' in which a solid or a liquid is dispersed in a liquid. These are 
railed rf^hifial eolutioTie^ or If the dispersing medium is water, the 

wyictem is a hydroflol and, if the dispersing medium is air, the system U an 
amwni. a colloidal solution is intermediate betureen a true solution 
and a susjX'iLsion of large particles in a liquid, an aerosol is intermediate 
betwei-h a true gaseous mixture and a suspension of large particles in the 
air. Acf^^rdingly, aeros^ihi, although elastic fluids, do not rigidly obey 
tlie laws fd gases, but dos<dy approximate the properties of colloidal 
As chemical smokes are aerosols, they also in general follow 
iht' hi As (roveruing colloidal solutions. 

HF^trjirflles.s of whether the aerosol is a toxic or simple obscuring smoke, 
the nfithtai of dispersion is the same and consists basically of the con- 
dotisiitioii ill the air, by a physical or chemical process, of a substance 
ctnittfd in the state of molecular di.'^persion. The e>iructure and stability 
of the uerosfilrj tliu,"! f^btained are sul^sequeiitly modified by secondary 
phcrfcomc‘uaj nueb as: condensation of water on the surface of the 
nunut4' sidid particlee^ or drops, oxydation on contact iAith the air, or 
hydration. 

Processes of Dispereion* — The pnmary dispersion of the substance 
may effected by either a physical or a chemical procefls, 
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Physical Meona of Dittperjtion.^ln the phystcnl process, three general 
means are employed: (1) mechanical force, as when a very fine dust is 
sprayed from an airplane; (2) heat, as w'hen a substance is distilled in the 
air (from smoke candles); and (3) a eoml>iufttion of force and heat, as 
when the contents of a ehemical shell are scattered hy the explosion of 
a bursting charge. 

When Tnecfiottiral force alone is employed for primary dispersion, the 
substance must be firvt. reduced to an impfilpablc powder and must also 
have, when thus finely di’^'ided a sufficient vapor pressure to be vaporized 
on contiict with the air. 

When heal is the means employed for primary dispersion, the solid or 
liqviid chemical is heated and distills into the atmosphere in a gaseous 
state and then condenses to a dispersed or aerosol state. Certain smoke 
produf'crs, iiut^h as phosphorus, oleum, and ehlorsulfuric acid, for example, 
arc dispersed in this manner. The vapors of these substances act as fog 
producers, for their anhydrides have a strong affinity for water and by 
hydration form acids which are themselves very hygroscopic. Thus, the 
sulfuric anhydride (SOj) in oleum and chlorsulfuric acid reacts with water 
to form sulfuric acid (H^SO^), which in turn absorbs large quantities of 
water. A smoke composed of liquid droplets, i.e., fog, is iu reality a 
dispersed solution of at^d in water. 

When mechonicol force and heat are both employed for primary dis- 
persion, the former scatters the substance in very finely di’vided form, 
ivhilc the latter volatilizes it and reduces it to the vafxjr phase* 



Chemical Meant of Dispersion . — When the primary dbparsion is 
effected by a chemical process, two substances in a gaseous state are 
simultaneously emitted and, by chemical reaction on each other, yield 
a liquid or solid compound in the dispersed state. Thus, gaseous hydro- 
chloric acid and ammonia yield ammonium chloride in the form of a 
dense white fume. Similarly, sulfuric acid fumes formed by the hydra- 
tion of sulfuric anhydride form, on contact with ammonia, ammonium 
.“^ulfate, another dense white smoke, thus: 

H*SO* -h 2NH, - {NH^),SO. 

If the products of decomposition are volatile, as in these cases, the 
reactions are reversible, and we have the general equation 

Salt ^ Acid d- Base. 

The direction and intensity of all reversible reactions [according to 
Gibbs' Phase Rule (10)] depends upon the factors of temperature, pres- 
sure, and concentration of reacting bodies. Thus the reaction 

NH.CI 3=t HCl + NHi 

5» 

depends for its direction primarily on the amount of moisture present, 
for gaseous hydrochloric acid and ammonia mixed together in the air 
form ammonium chloride up to a certain point, ndien further formation 
of the same U inhibited by the reverse reaction* 

Of all the factors affecting the formation of fogs and smoke, water 
plays the most important role. It not only converts anhydrides (PaOj, 
SOi) to corresponding acids and precipitates them In the dispersed state, 
hut also assures the dissociation of hydrolyzable salts and their repre- 
i q>LmtLon in colloidal dimensions. The water vapor in the air can also 
jidlivre to the surfaces of minute solid particles floating in the air, and 
t'lmvprt them to liquid droplets, as is the case when natural fogs form over 
:*nu)ky cities. 

In tlie chemical process of dispersion, salts that are both 'i^latile and 
vuMiy hydrolyzable produce the best smokes. Hence oxides with 
fei^ble bases or feeble acids, because readily hydrolyzable, are most 
giTcrally employed* 

Summary* — Chemicals then are dispersed in two forms, one, in which 
It vapor (or gas) b mixed Mith air (gas clouds) and the other, a suspension 
uf solid or liquid particles in the air (smoke clouds). As the behavior 
ill the field of these two forms of chemical dispersion are somewhat dif- 
ferent, the principal characteristics of each ^ili be briefly summarized. 

Gas Cloui>s 

Density* — As a liquid changing into a gas absorbs beat from the air 
during vaporization, the air in contact with the vapor is cooled* The 
magnitude of this cooling effect depends upon the material used and its 
roticent ration and, while usually Jmallj it is sufficient to cause an appre- 
eiaiile inercaHe in the density of the air mixed ’with the vapor* Also, 
war gasis themselves arc heavier than air* Tlie n^sult of these two 
ph< ii[^oif'i]ii U to cause gas clouds to hug the ground and flow into all 
di'pn ■.'.>![>] IS iLiid low places. 

Lateral Spread* — Wlien a gas is released in the open air, it immediately 
expumU mid diffuses into the atmosphere* This . cau,ses the cloud la 
spread laterally and vertically. Shifting wind and air currents al>«t 
increase' lateral spread as the cloud move^^ dfjwnwind. Under averagt' 
conditimis^, ihc* lateral spread is about 20 j>cr cent of the distance traveled, 
while for fnvorabie.conditionis it is about 15 per cent, and for nnfa’i orable 
conditions if will amount to as much ns 50 per cent. 

Vertical Riae . — The expansion and diffusion of a gas upon its release 
i** the ofx'ii air also cause the cloud to rise as it travels with the wind, nol- 
'''^ths^!nldihg that the gas itself may be hearier than the air and that it 
<^ir' ilif air when expanding. The vertical rise of a gas cloud depends 

w 

upon Mvarai faetora, chief among which are convection currenta* These 
currents arc strongest when the ground ie dry and warmer than the air 
and when the sun is shining brightly. On the other hand, at night and 
in the eiirly morning, the ground surface b usually cooler than the sur- 
rounding air, and there are no convection currents, so that gas clouds 
have much leas vertical rise under such conditions* This riae wilt vary 
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frhm about 10 per cent of the distance traveled under the most favorable 
conditions to as much && 35 per cent under adverse conditions. 

Drag Effect* — Since the wind velocity along the ground is practically 
zcTO^ but increases rapidly upward, gas clouds are carried over the ground 
with a sort of rolling motion, u-^hich causea the cloud to incline forward 
and stretch out in length more at the top than the bottom. This 
increase in the length of the cloud is called the drag effect and, for cloud#- 
released on the ground, amounts to from 10 to 30 per cent of the distance 
traveled, depending upon the nature of the terrain. For gas reieased 
from airplanes, up to 100 ft. above ground, the drag effect b equal to 
100 per cent of the distance traveled, owing principally to the high 
velocity of the airplane, 

VariatioiL of Concentration* — The concentration of vapor in a gas 
cloud varies inversely as the logarithm of the height above ground. 
Thus, if C] is the concentration at a height Hi and Ci the concentration 
at a higher point H$, then , „ 

X ») 

This causes the lower layers of the gas cloud to be more dense and more 
toxic than the upper layers, as is dearly shown in Chart III, in w'hich 
curve A shows the general relation between heights above ground 
(ordinates) and the concentrations at these heights (abscissas) and indt 
cates the form of the relation between height and concentration* 

Average Concentration* — In a gas cloud, the a;^erage concentration is 
not in the geometrical center of the cloud, but varies therefrom as the 
height of the doud increases. In Chart III, curve B shows the change 
in the position of the average concentration, as the height varies* 

If the concentration at any height in a toxic doud is known, the 
central ion at any other height may be computed from Eq* (1). II 
the concentration is not known for any given height, then the total 
liright and tlie average concentration of the rindc doud may l>e -com- 
puted from a given quantity of chemical as shown on pages 64-66, The 
IHj.sition of the average concentration is then located from curx'e B in 
Clmrt III. With the average concentration and its position thus deter- 
Tulhed, the concentration at any other heiglit in the cloud can he com- 
puted from Eq. (1), Also the effective concentration in the lowest 6-ft. 



layer of the doud may be determined from curve C in Chart III. 

Clouds 

Density. — When chemicab create a smoke Uiey either bum or 
hydrolyse in the air, thus generating heat which warms the air imme- 

02 

diately downwind from the source ol smoite. tsmoae clouds thus rise 
more than gas clouds, since air containing hot smoke particles, being less 
dense, tends to rise above the surrounding cooler air* Again, unlike gas 
clouds, smoke clouds have an even concentration at all elevations above 
ground. 

Lateral Spread and Drag Effect. — The laUrai spread and drag effect 
of smoke clouds are substantially the same as for gas clouds. 

Vertical Rise.— The rate of vertical rise of smoke is much greater than 
that of gas because the smoke particles absorb heat waves from the sun 
and are warmed up thereby. The transfer of heat to and from smoke 
particles by radiation is also very important, especially in bright sun- 
shine. Since each smoke particle has a diameter of 1(K’ to 10"* cm* and 
is surrounded by a tightly held air film about 10"‘ cm, thick, it acts like 
a tmy air-filled balloon, rising when heated and falling when cooled below 
the surrounding air. Thus, while convection currents tend to give the 
same rise to both gas and smoke, radiation primarily affects the smoke 
particles only. In addition, smoke particles in the air are heated by 
radiation from the ground surface as well as from the sun and, when the 
ground is cooler than the air, the smoke particles actually lose their heat 
by radiation to the ground. Hence smoke clouds are more infineiu^ed 
by ground temperature and time of day than gas clouds. 



RELATION BETWEEN Ql^ANTITY AND RANGE 

The amount of chemical required to cstablicih an effective concentra- 
tion on a target is determined by the general relation between a quantity 
of chemical and its effective range. 

Let W = weight of chemical released from one point, in poui^ds, 

D = density of chemical released (air = 1), 

V = original volume of chemical released from one point, at 
atmospheric temperature and pressure, in cubie feet, 

Vt — volume of chemical after it has traveled a distance in 
cubic feet, 

S = distance traveled from point of rch-ase at any time T, in 
feet, 

T -= time of travel, in minutes, 

Co = atterage concentration of the toxic cloud. 

Cl - ground concentration of the toxie cloud (i.e., mean con- 
centration of lowest 6-ft* stratum), 

C — minimum effective concentration expressed as a volumetric 
ratio of chemical to air, in parts per thousand, 

“ height of Ca above ground, and 
Hi = height of Cl above ground. 

63 

l^xperience shows that the dimensions of a chemical cloud generated 
from one point of emission can be expressed in terms of the distance 
traveled under various field conditions as follows; 
liCt S — distance traveled by top of cloud, 

Ft — width of cloud at any distance, S, 

H, = height of cloud at any distance, jS, 
iE, = drag effect of cloud at any distance, S. 

The values of F,. H*, and Jit, as functions of 5, for various field eon- 
<iitions, are shown in the following tabulation; 



V.^.njEfi ,OF WiuTH, Height, ako Dkag or CnEiin Ai. Croot)#* 

^ ^ ^ i \ 

I ' at F. I V^ti^ of n. Valup cf H, 

Th-ld cun- ■ .. ' Timp _ . ; . *^'*'’*^ WjpiJ«, I 

. Sky * , ; Tcrruin I ™ T ' — 

clttiChTU Of ^ay . jITor* i ! 

I I 0 « Simthr Gub Smuk^ Gu Shiokip 

F«VHftbl«. H«ylly Nitht or| L ^ v e 1 ! OqI H rr : Stendy O D.LSS G.IOlS 0 105 0^05 

' ov^r-' eBtlr- fields' tluti I ] J 

e- 4 iPt I ni 0 tTi- i or Air : j 

I tlV WBtCT 1 I ] 

AviKni 4 n'. . . Partly I Mid- j Modcr- | SliahUy :0.305| 0.20S jo.lOS 0.2GS a.205 
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Ill tlio aborp tablp^ it is sliowu that, under avttogt field eonditiona, 
» ^'loiid ’ft’ill liave a vertiral ri«e of 10 per pent and a drag and lateral 
^liTciid [)f 20 per c'pnt of the distance traveled. After the gas has traveled 
:i di-iiiiit e .S, we have a toxic cloud of the following dimethsions^ 




Drag of cloud at distance 5 ^ R% 

Bottom width of cloud at distance & ^ Pi 
Height of cloud at distance S - 

Hence V. - (2) 

But L, - 5 — H, (3) 

And, for average field conditione, 

R. - 0.2S 

Hence L, ~ 0.8S 

Ft ~ 0,2 X 0.85 - 0.165 
H, - 0.15 

Therefore ° - 0.002135* (4) 



If w'e denote the coefficient of jS by the symbol X, Eq. (4) takes tlic 
form 



V, - KS* 


(6) 


When the toxic cloud reaches a length 5, 




c. 


(6) 


where C« is the average coheehtration at the distance, S, 
value of Vt from (6) in Eq. (5), W'e have 


Substitutiim 




(7) 


Hence V - KC^> 


(8) 


"" ^ " v^. 

w 

Since ^ ^ 


(fl) 


W - Jf C*D5* 


(10) 


i.i«l s - 


(11) 


From Eq. (1), page 61, wo have 




,, Cl log Hi 


(12) 


68 





Sino^ Cl is tho mean concentration of lovest 6-ft. stratum of the toxio 
doud. 



Hi^Z ft* (cum B, Chart III) 
and iog ^i - 0*4771 

Also, w^ben the cloud reaches its tnaxiniuni effective length. 



Cl - C (13) 

C is a definite quantity for each gas according to the physiological effect 
desired and the time of exposure to the gas* 

Heiicp, W'hen the cloud reaches its maximum effedivt leiigth; 



Cc 



0*4771 

ioFS; 



X c 



(14) 



Subetituting the value ef Ci from Eq. (14) in Eqa. (10) and (11), 
we have 



_ 0*4771XCD5* 

log^. 

o _ ’/ W log Ha 
yOAlTlCKD 



(15) 

(16) 



Since the ground distance, or range, L in any given case is a definite 
percentage of the distance S [Eq* (3) and table on page 63], we see from 
Eq* (IS) that the quantity chemical required to set up an effective 
concentration on a ^stant target increases as the cube of the distance to 
the target and, from Eq. (16), the effective range of a given quantity of 
chemical varies directly as the cube root of the weight of chemical 
ri-h-aaed and inversely with the cube root of its density and effpctive 
wmcentration* 

Since the values of K m the forgoing equations depend upon the 
cuiTPsponding values of F^, and X,, w^hich in turn vary with tlie 
di.><tiim'p jS, as shown in the table on page 63, tiie values of K for gu«es 
luid smokes, under varying field conditions, may be summarized as 
follows : 



Field oonditiotiB 


Vftlues of K 


Qiu 


Smoke 


Fmvorable * * . *^ 


0.000606 1 

0.002133 

0.0142^ 


0.00202^ 

0*004207 

0.014202 


Average* * . * 


b'Dfavcrabls * * 



66 



As Hmr the hcfight above ground of the average concentration, also 
varies with the distance ;S, we might express X. as a function of S and so 
convert Eqe. (16) and (16) to functions of 5 and the quantities X, C, D, 
which are definite constants for any given case* Such a procedure, how- 
ever, leads to very complicated formulas for W and 5, which would be 
cumbersome to apply in practice* 

A shorter and simpleT method is to plot a curve for Eq* (14) from 
which the value of C« in terms of Ci may be read directly for any given 
case and then inwrted in Eqs, (10) and (11). Cur\*e C on Chart III is 
such a curve and expresses the value of as a percental of Ci for any 
rise up to 300 ft* Above a rise of 300 ft., which corresponds to a gas 
range of 3,000 ft. under average field conditions, the value of C« is 
obtained from Eq. (14)* 

In order to illustrate the time and space factors involved in dis- 
semination of a gaseous chemical, from a single point of emission, let us 
take the simplest ease of a cylinder dischargiiig chlorine. We shall 
asaunie that the cylinder holds lb* of liquid phosgene* A cubic foot of 
air at 20*^0. (68”F:) and atmospheric pressure weighs 0.075 lb. and, as 
the density of gaseous chlorine b 3*5 times the density of air at this 
temperature and pressure, it W'eighs 3.5 X 0.075 “ 0,2026 lb* per 
cubic foot* Using £q. (11) above, and a lethal concentration of 1 : 10.000, 
we have for average field conditions 






30 

002133 X 0*2625 ^ 

10,000 



for an average concentration of 1:10,000* But at this range the ground 
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concentration equals approximately three times average eonceiitiation. 
Substituting this value for C, in Eq* (11), ;ve have 

S = 1,172 ft. 

L. * 0.85 = 042 ft. 

ThuS} 30 lb. of phosgene under tureragf. held coiiditions will have a 
range of 942 ft., with ground concentration of 1:10,000 fO.434 mg. per 
liter), which is lethal on 15 minutes' t*xpo$urc. W'ith field 

eonditions, the same amount of chlorine will have an equally effective 
range of 1,233 ft,, while ’with ur^oitorable fit4d conditions thl^ effective 
range will be reduced to 430 ft. In this case, favorable conditions 
increase it to 53 per cent of the range under average conditions. 

If the wind is blowing steadily loivarU the target at a rate of 5.4 miles 
per hour (475 ft, per minute), the cloud w ill, under average field eon- 
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ditions, reach its full development (in the form shown in Pig. 1) in 
= 1-^Sp or approximately 2 minutes. To maintain an average 
concentration of 1:10, (KK>, our cylinder should be emptied in that time, 
requiring a discharge rate of approximately 15 lb. per minute. If a slower 
jate of difichaige w used, the gas cloud will be attenuated and its concen- 
tration w ill be correspondingly lowered. Also, if there is an increase in 
the wind velocity, there should be a corresponding increase in the dis- 
charge rate in order to maintain the same concentration. 

On the other hand, with a 5.4-mile wind and a discharge rate greater 
Ilian 15 lb. per minute, the initial concentration of the cloud will be raised 
above the strength of 1 :10,000 (0.434 mg. per liter). After the cloud has 
ri'avcied the same ground distance (942 ft.), its concentration will fall off, 
;us indicated above, but w’ill still be higher than 1:10,000 by the time the 
cloud reach<‘s the target. There is, therefore, a theoretical advantage in 
increasing the discharge rate* but there arc practical difficulties involved 
in so doing. In the first place, much higher pressures are required for 
greater velocities of discharge, the pressure increasing as the square of the 
velocity. Also, if the emission is too rapid, there is insufficient time for 
the ejected liquid to change into vapor and the liquid chemical falls to 
the ground w'here part of it is lost by absorption. Moreover, the liquid 
oil the ground produces a very high local concentration immediately 
adjacent to the operating troops and may endanger them if there b any 
unsteadiness in the wind. 

Si 2 e of Target. — Another very important factor in the cloud or wave 
method of disseminating gas is the sise of the target area to be covered. 

Width . — The width of the target area should be approximately equal, 
but should not exceed the width of the gas cloud at the front edge of the 
target, i.e., the yti\w of Ft as show'n in the following table: 




For chemicals emitted from a single point, with a range of 1,000 ft., 
the width of target should be: for favorable conditions, 90 ft. ; for average 
conditions, SO ft. ; and for unfavorable conditions, 70 ft, 

^^h . — If the target area is of material depth as compared to its 
distance from the point of emission of the gas, it should always be include 
» pari of th£ raTige. Otherwise, by the time the gas cloud reaches the 
68 

rear boundary of the target, its coucentratiou will have faUen below 
the required effective etrength. As an Illustration of this point, let us 
assume that the discharge from the cylinder mentioned above travels over 
a target 200 ft. deep wrhoee front edge is at the distance L - 1,060 ft. 
from the cylinder emplacement. We shall also assume that the cylinder is 
emptied in 2 minutes, so that, by the time the first chlorine discharged 
reaches the front edge of the target, the last chlorine will have just been 
released from the cylinder. Traveling at the rate of 6 miles per hour 
(628 ft. per minute) it w^itl require Q,4Q minute for the cloud to pass over 
the target area. During this time, the cloud iriU expand to the larger 




Fio. 2.— Travel of pm dIoucU. 



dimensions indicated by (") letters in Fig. 2, At the same time, the rear 
part of this volume, following the expiration of the cylinder discharge and 
indicated by (') letters, will be un contaminated air. 

ABCD “ target area: AD “ 200' 

Assuming average field conditions. 



5" = 5' + ~ - 1,563' 

je" = 0.25" - 312.6' 

V' _ S" - if" - 1,250' 

Fr - 0.165" - 25(y 
H/' - 0.15" - 156.3' 

„ L'F/'if," 1,250 X 260 X 156.3 

- g - g 



8,140,625 cu. ft. 



^ , L%^H' 200 X 40 X 26 

“ “6“ * 6 



33,300 eu. ft. 



The volume of the expanded toxic cloud is F," — ™ 8,107,326 cu. 

ft., while its (wcnigt concentration is 
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8,107,325 + - 1:50,000 



and its ground concentration is 1 :15,000 which b only one-fifteenth of the 
Lethal concentration. 

Time of Emiaaion.— Again referring to the example gi\'^n on pagi^ 66, 
we see that 30 lb. of chlorine w^Ul produce a lethal concentration of 
1 :1,(X)0 over a target area 163 ft. w'ide at a distance of 1,050 ft. fiom tin; 
point of emission if discharged at the rate of 15 lb. per minute. Thb con- 
cimtration is, however, lethal only after 30 minutes' exposure, so that 450 
Ihj of chlorine ’would be required to produce per 168 ft. of enemy 

front, or almost 3 lb. per foot of front. Of course, nanfatal c:asualties w'ill 
be produced over a much wider front, since chlorine causes such casualties 
in concentrations of 1:10,006, or approximately one-tenth the lethal 
concentration. In thb case, nonfatal casualties could be secured writh 
the same amount of chlorine over a target area 361 ft. w'ide at a distance of 
1,806 ft. 

Coimparban with Smoke. — If instead of a gas we used the same 
quantity (30 lb.) of a toxic smoke of the same density, under the same con- 
ditions, in a concentration of 1 :10,000, we should have 



5 

L. 

Ft 



0.004267 X 0.1865 



0.8 X 1,550 - 1,245 ft. 
0.2L. - 249 ft. 



1,556 ft. 



from w'hich we see that our effective range b 1,245 ft. and our wddth of 
target 240 ft. 

When a gas concentration is increased tenfold and all other factors 
remain the same, the effective range is increased by the cube root of 10, 
or 2.154 times. The smoke cloud in our example doeti not realiise such an 
iuciieaHe over the gas cloud because the vertical rise of smoke is tuice a^ 
great as that of gas, i.e., K -smoke ^ 2JC gas (table, page 63). 

Multiple Poiuta of Emission.- — In the foregoing discussion concerning 
the relation between a quantity of chemical and its effective range, we 
liave considered only emissions from a single point. In actual practice, 
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howtver, the gais-cloud method of chemical attack is? always carried out 
on a large scale over a considerable portion of the enemy front. To 
cover Hueh an area the chemical must be discharged from a sector of one's 
own front bearing relation to the siw of the target to be covered, i,«., the 
chemical is discharged from a large number of cylinders uniformly dia- 
tribmt^d along a line substantially parallel to the enemy's front and of a 
length in proportion to the target area. 
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In order to determine the relation between the amount of chemical and 
its effective range when discharged from multiple points of emission aiid 
the optimum arrangement of these points with reference to the target 










Fic. a. *^0’ 

FiMr 3-6. — Multiple pAlnta oi vrninton. 



area, we shall first consider some fundamental elements of the problem 
As the vertical rise of a gas or smoke cloud bears a constant ratio to its 
length in any case, it will somewhat simplify our discussion if we confine 
our attention to the plan ^dews of the chemical clouds considered^ 
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Accordin^y, in Figs. 3^ 4, and 5 we have plan views of three possible 
arrangctnents of two cylinders, or points of chemical emission. In Fig. 3, 
the cylinders, each containing a quantity of chemical W, are placed at 
points Oi and Os, Fi distance apart, along a line parallel to the front of 
the target area ABCD and at a distance Li ~ 1,000 ft. therefrom. Thus 
arranged, the <^ntents of the two cylinders cover a target 2Fi in width 
with a concentration C, In Fig. 4, the same cylinders are placed at points 
0] and Oi, ba^T the distance apart, shown in Fig. 3, Fi/2j so that their 
clouds overlap a distance Fi/2 at the target line Thus arranged, 

the cylinders cover a target 1.3Fi in width with a concentration C. 

Ill Fig. 5, both cylinders are placed at the same point 0 so that their 
ciuuds coincide and cover a target Ft in width with a concentration C. 
Our first inquiry is as to the relative ranges obtained by these three 
arrangements, i.e,, the relations of Lj and Lt to Lj. 

It is apparent from inspection that Figs. 3 and 3 show the extreme 
cases and Fig. 4 shows the mean case of all the ways in which two cylinders 
or points of chemical emission could be arranged in practice, and that 
the range L, in Fig. 3, is equal to that of a single cylinder. Considering 



Fig. 5 next, wc see that this is really the case of a single cylinder of 2W 
cnp;ic'ity, bo that from Eqs. <3) and (11), page 64. 

L, - ^ X Li - T2e^i and Ft = 1.26f\ 

Comparing these two extreme arrangements, find that the range in 
Fig. 5 b 26 per cent larger than that in Fig. 3, while the front covered is 
only 63 per cent as large. 

Now considering Fig. 4, we see that the ground area covered by the 
two clouds is 

while their volume b 

^ 7F iL|JJt 

^ 3 “ 24 




.Sjuvc the ground length of a gas cloud is eight^tenths, the spread two* 
icntli!i,\nd the rise one-tenth, of the distance traveled, S, the volumes 
of thcf two clouds in Figs. 3, 4, and 5 are, respectively, 



But 






Vt 



Vt 



FtLtHt 

~6 BVT ^ T ^ 8 / 192 
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wliere D is the density and C the concentration of the gas. 



Hence 



V, - Vt - V| 



And 



And 



7Lt* _ Ii* 

768 “ 66 

m 06 

Lt - - i-awi-i 



From tho foregoing we see tliat, if the range Li in Fig. 3 is 100 per 
cent, the range m Fig. 4 is 4.5 per cent greater, while the range in Fig. 5 ia 
26 per cent greater. 

From the above we conclude that ’irith a given quantity of ciieinical the 
maximum ratige is obtained by disdiarging the whole quantity from oue 
point, while the maximum vidth of target h obtained by di^lcha^ging half 
the quantity from each of two points spaced apart a distance equal to 
half the target width. If the points of embttion are further apart than 
half the target width, then there will ht' gajis between the cloudtt over the 
target area and, if the points are closer together than half the target width, 
there will not be a uniform concentmthm C over the target, but an incix^ane 
above C where the clouds overlap. 

M'hen more than two points of emission are used, optimum results arc 
obtained w’hen the points arc spared a distance ft|>art e<iual to half the 
width of target covered by one cylinder. IVith this arrangement, as 
indicated in Fg. 6, it may be shown that the dbtance S traveled by the 
composite cloud emitted from a number of points, A", varies in accordance 
with the following general equation: 



* j W 



(IT) 
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and eince L * O.&S for <mroge field canditions 






/jV/{iV - \)KC,D 
If the r&nge L for one point of emission is given a value of unity, we iiave 
ilie following relation between the range from one point of emiaaion 
and the Bucoesaive ranges from multiple points! of einiaaion; 

Pointc af EmbaiOQ Range to Target 



1 

2 

3 

4 
£ 
fl 

7 

8 
0 

10 

N 



1.000 

i-oea 

1.072 
1.077 
1 Ogl 
1.0S4 
1.036 
1.0S7 
1.089 
1,100 



rrom the foregoing table, it is seen tliat tlie range bIowIj^ increases 
with the number of points of emission and approaeiies a limit of 1.1 times 
the range from a air^gie point of emissioiij as the number of points of 
pmijvsjoti is indefinitely increased. Ahio, the optimum arrangement of 
cylinderfi, a$ indicated in Fig* 6, gives ^ front of emission praetieallj'' equal 
to the width of the target to be covered* 

From what has l^en shown above, the number of cylinders nc*eded to 
cm^er a given target may be determined as follows: Let tlie target l>e 

1,000 ft* wide by 500 ft. deep and at a distance of 2,000 ft. from the nearest 
section of front from which the cylinders can be installed. It is desired to 
set up and maintain a lethal concentration (1 :10,000) of phosgene on thc^ 
under average field eojidltioiis and with a range wind of 0 milt*s 
l>fi hour. Each cylinder Jiolds 30 lb. of phasgene* Required: the 
inmdtt'r of c 3 diii 4 ers and their distribution. 

At 20X* (68®F.), the density of phasgene is 0.2054 lb* ]W'j cubic foot. 
From Jiq, (2): 

2,500 ft. - S - 0.2S or S - 3,125 ft. 

F, - 500 ft. H, = 312,5 ft* (table, page 03) 

From curve Bj Chart III, 

H. = ^ _ 104.17 ft. 



3 



From £^*(14) 
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1 



0*4771 

2*1271 10,000 



- 0.00002243 



Since here F, equals half the target uddth and the optimum arrange^ 
ment of cylin^^ U at intemds of four groupiB of cylinders, spaced 
250 ft. apart, are required to cover the target area* 

From Eki* (IS), 

2,500 ft. = 0-8y(4^3jQ 002133 X 0.00002243 X 0,2654 



from which 



IT - 560 lb. 



and the total phosgene required is 4 X 560 — 2,240 lb* 

As the wind is bto^ng at the rate of 52S ft* per minute, it wilt require 
5 minutes for the cloud to reacii the rear boundary of the target and an 
equal time to move over the target. As the phosgene concentration of 
1 :10,000 is leth^ only after 10 minutes^ exposure, it takes twi<s? 2,240 or 
4,480 lb* to maintain this concentration on the target area for the nececK 
.sary time to produce fatal casualties* This is equivalent to u total of 
150 cylinders divided into four groups spaced 250 ft* apart* 

In the preceding example, it was shown that 2,240 lb. of phosgene are 
required to establish a concentration of 1 :10,000 on a target 500 by 

1,000 ft. at a distance of 2,000 ft* (667 yd.) from the line of emission. If 
the phosgene could be released an the target and dispersed uniformly 
thereover, it would require only 



500 X 1,000 X 0 X 0*2654 

10,000 



80 lb. 



to set up a lethal blanket of gas 6 ft* high over the taigct aiea. Thus, at 
a distance of only 2,000 ft. {667 yd*), it takes 28 lb. of ebeniical to dis- 
seminate 1 lb, in an effective form on the target area by the ch>ud-giis 
method of projection. Moreover, as tiie quantity of chemicai requirtnl U: 
t^tablish an effective conreiitration varien as tlie cube of the rangi?, the 
cloud-gas method of attat'k becomes very wasteful of chemical agents 
when the range exceeds 1,000 yd*, ainee so large a portion of the chemical 
is dissipated before it reaches the target or is disseminated in the upper 
parts of the cloud where it senses no useful purpose. For this reason 
various forms of projectiles were early employed to carry the chemicals 
to the target and to release them on the target area. The first projectile 
used for this purpose were artillery shell. These were soon supplemented 
by trench-mortar shell and later by special (Livens) gas-projector bombe 
which were fired in only one salvo and thus released the entire cliemical 
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i^ncentration at otie instant, thereby greatly increasing the surprise 
effect and the initial toxic concentration. Finally, special (4-in* Stokes) 
rapid-fire mortars were developed for projecting chemicals in mobile 
situations and were used very effectively throughout the war, 

DlSSEUIIfATIOIf BY PROJBCmES 

While the theoretical economy of relea.-^ing chemicals on the targe* 
area is veiy large, as indicated above, the practical advantage is not 
nearly so great, for several deterraut factors enter into the projection 
.Mid dispersion of chemicals from projectiles. 

In the first place, projectiles are not very efficient as earners of 
cliciuicals, for their walls must be made thick enough to withstand the 
shwk of discharge, and this greatly limits their chemical capacity. The 
efficiency of a cliemical projectile may be defined as the ratio of the w eight 
of chemical filling to the gross w’eight of the projectile* On this basis, the 
best artillery shell hat-e an efficiency of about 12 per cent. The short- 
range trench and chemical mortars, having to withstand far less violent 
shocks of dh»charge, may have thinner walled projectiles with correspond- 
ingly greater chemical capacity. Thus, chemical-mortar shell have an 
efficiency of about 30 per cent* Livens projector bombs, having a atifl 
sliorter range, have 50 per cent chemical cajiacity. Finally, chemical drop 
l>umbs and land mines, which are merely dropped or placed in position 
and thus have no sliock of discharge to sustain, have an efficiency of 
60 to 70 per cent. 

Another factor which greatly reduces the efficiency of artillery for 
<'hemical projection is the large increase in dispersion of the projectiles 
as the range increases* The standard target unit for artiller 3 '' is a 
square 100 yd. on a side, generally called tlie artillery .4t 3,000 yd*, 

the disiM-r.'^ion of shots from a 75-mm. gun is so sniaM that approximately' 
fll ]ier cent of the projectiles fired fall within an artillery square. At 
S,(100 yd., however, owing to greatly increa-sed dispersion of shots, only 
41 per <'ent of the shell fall within an artillery' square. Thus, about 
2.2 tiroes as many shell and chemical mu*st be expended to produce an 
effcH'tivc concentration on a 75-mm, artilleiy- square at 8,000 yd. aa at 

3,000 yo. Tlie same is true of all other calibers of artillery and, while a 
Jtr<'atcT pen^-ntage of stnOl will fall within a large target an*a than a small 
one, a gre;ifer amciunf of chemical is also required for the larger target, 
iiUhongli not quite in the same proportion. It thus arifiea that the effi- 
ciency of tlie artillery as a means for projecting chemicals falls off verj' 
^pidly as the range increases. 

A third factor limiting the efficiency of artillery shell as cliemirat 
vehieicft is the loas of chemical on the burst of the shell. On account of 
Its rugged constniction, an artillery shell requires a considerable force 
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to open it and, when thb force is applied from the bursting charge in the 
shell, it drives a portion of the chemical charge into the ground; aUo, it 
throws a portion into the air above the 6-ft* jcffectiyc stratum, w'here it is 
largely lost insofar as any useful effect U concerned* It is variously 
estimated that from 25 to 50 per cent of the chemical contents of an 
artillery shell is thus lost on the burst of the shell if the gas is nonpersistent. 
For persistent gases this loss le much lesei. Also, the Jckss is much less if 
the shell is burst in the air just above the target, as air-burst chemical 
shell release from 86 to 00 per cent of their contents in an effective form* 
What has been said of artillery shell applies also, but to a far leni 
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extent^ to short-range projectiles sueh Livens bombs and chemical- 
mortar shell andj to a still less extent, to aviation drop bombs and land 
mines. Not only are all these latter ]inijeetiles of greater efficiency, but 
they also have much less dispersion than artillery shell at the longer 
ranges and do not require such large bursting charges to open them. 

Because of the gicat variation in effieiency of the several classes of 
chemical projectiles, it is obvious tliat only the most efficient types 
should be used in the zones they can reach. Tlius, the special chemical- 
projecting devices, such as gas-cloud cylinders, Livens projectors, and 
chemical mortars, i\hich cover the vital infantry combat z<me out to a 
distance of 2,500 yd. from the front lines, are far more efficient and 
effective for chemical projection than artillery wth its shells of relatively 
low capacity and efficiency. For the same reasons, aviation drop bombs 
are more efficient than long-range artillery for dissemination of chemicals 
beyond a distance of 10,000 yd. (about 6 miles) from the infantry front 
lines. It is principally on the basis of the relative efficiencies of the several 
chemical-projecting means that the normal zones for their employment, 
indicated On page 54, were arrived at. 

Regardless of tJie type of projectile employed to carrj^ the chemical 
to the target, the dispersion of the cliemical after release from the projei- 
tile IS c:ssentially the same as when releas<>d from cylinders. Tliat is to 
say, the chemical, when released from projectiles, volatilizes, expands, and 
diffuses into the air, and thus forms a toxic cloud which then moves 
with the wind exactly as the clouds formed by cylinder discharges. 

The same relation between quantity of chemical and the effet^tive 
range of the chemical obtains wiien the chemical is releast^ from projec- 
tiles as when it is released from cylinders, ext^pt, of course, that there is 
no loss from expansion and diffusion before the toxic cloud reaches the 
target area. 

In addition to obviating this loss, projectiles have two very important 
ad^'antages over cylinders as a means for disseminating chemicals. First, 
all kinds of chemicals may be employed in projectiles regardless of their 
physical state, whereat only chemicals which are relatively volatile liquids 
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may be employed in cylinders. Secondly, chemicals can used in 
projectiles regardless of the direction of the wind, whereas cylinders can 
only be used when the wind i.s blowing tow'ard the enemy's lines. Even 
when the wind is blowing directly toward one^s owti lines, chemicals may 
be put over in projectiles without danger to friendly troops if the dosage is 
ndjusted to the distance between tlie target and one^s own lines in 
accordance with the quantity-range relation discussed above. 

Tills relation is thus one of the most important in chemical warfare, 
fur it not only enables one to determine the quantity of chemical required 
tc^ isrftablish and maintain an effective concentration on a given target at a 
Kiven range, but, what is equally important, it also enables one to deter- 
mine how much of a chemical can be safely placed at a given distance from 
one's own troops under the most adi'crse conditions. Except for cloud- 
gas emission from one^s O’n'n front lines, for which favorable winds are 
required, it is possible by these determinations to use chemicals at all 
times and under all conditions with perfect safety to one’s own troops. 
It is at once apparent that, if it requires ff'” pounds of cliemical to establh^h 
an effective concentration on an enemy position A' distance from one\s 
[iwn front lines, any amount of this t hemical less than Tf^, released within 
die enemy position, will not produce an effective concentration on 
(ricndly troops, even in an adverse wind, since the relation between a 
qiijuitity of clienhciil and its effective range applies alike to both situations 

CONTROL OF CHEMICAL WARFARE 

Because of this definite relationship between chemical qn&ntitiea and 
effective ranges, chemical warfare is susceptible of much closer control 
than is possible with bullets and H.E. shell. ^^Tien a bullet or shell once 
leaves the gun, the gunner cannot tell what its effect will be. It may 
ricochet or be deflected from its path by striking some inten^ening 
olj^^tucle, and its ultimate point of impact may be far removed from the 
intended target. Even if it strikes \iithin the target area, no one can 
pnxlict where its fragments will strike or what their ultimate effect \nlJ 
On the contrary, a given quantity of chemical will have a definite and 
pnsdictahle effect when intelligently used by properly trained troops who 
Ihoroughly understand the beha’idor of chemical concentrations in the 



field and know how to employ them, for chemical concentrations follo^^ 
closely the laws of gases and these are just as certain and definite as 
the law of gravity. 

This fact cannot be too strongly empha^sized, as there is much mis- 
Apprehension concerning it, not only on the part of the public in general, 
hut even on the part of military men of high rank and position. f)ne of 
the main arguments ad'^'^anced against chemical warfare at peac(‘ con- 
ferences and in other public discussions in the yearn iminediafelj'' following 
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the late war was the mistaken notion that chemicals employed in militarj^ 
operations cannot be controlled and confined to the battlefield, hut ^lili 
unavoidably extend their deleterious effects to areas far behind the combat 
»one and thus kill or iujure noncombatants and civilian populations. 

A typical illustration of this erroneous idea is contained in General 
March's book on the World War- He says; 

We hfld had the uee of gsa fon^ed an ue in the war b 3 '' the action of Germany, and 
in ijclf-protection had to oiganiie the Chemical Warfare Service. And no soldier 
can aaj' that he pTefers to be killed by being tarn to piecea by a shell rather than to tie 
ga^iaed. But the use of poiaon rm, carried wherever the wind Ijsteth, kills the birth) 
of the air, and may kill women and children in ttiar of the firing line. When I fiiwt 
reached France I found in Parjn an American organisation, headed by Miss Lothrop, 
w hich had a hospital in w hich, w^heu I inspected it, were over 100 Fretich w omen and 
children w ho had been living in their homen in rear of and ihf jronif imd w ho w ere 
gassed. The Rufferjngii of these children, particularly, were horrible and produc^ s 
profound impresBion on me. War ia cruel at best, hut the nae uf nn instrument of 
death which, once launched, cannot be controlled, and w hich may decimate non- 
^'otO bat ants— women and children — reduces civilisation to savagery'. 

The instances in wffiich women and chiidren w'ore gassud in the w’ar 
were very few and in et-ery such case they w-ere gassed bet^aiise they weiv^ 
living (as in this case) in areas so close to tile battle front that they might 
easily ha^^ become victims of bullets, shells, or any of the other w'^eapons 
of war, as w^ere many thousands of others wffio risked their lives by 
remaining in the combat zone. 

As a matter of fact, the largest gas attacks in the war did not extend 
beyond 10 or 12 kilometers behind the firing lines. Moreover, the cou- 
centrations beyond 2 to 3 kilometers from the front w’ere so weak as to 
require prolonged exposure to produce even light casualties wffiereas 
deaths from 'such concentrations w'ere unheard of. Since the normal 
range of medium and hea^y artillery is from 12 to 15 kilometers behind 
the front lines, it is obvious that any ci\'iliani4 remaining in this zone do 
so at their own risk and are in daily jeopardy of their lives. Yet no one 
advocates the abolishment of artillery as a weapon of warfare. The case 
i.s even worse against high-explosive long-range artillery .shell and a\ iation 
drop bombs, for these two weapons were extensively used throughout the 
war on Paris and other cities far behind the combat zone ivln-rc non- 
f^mbatant civilians had every right to pursue their jieaccful occupations 
w’ithout jeopardy of life and limb. Nothing is said of the thou.sands of 
women and children w ho were killed and maimed by long-rangc' artillery 
and aviation bombs in areas far behind the battlefields. It is appai-ently 
considered legitimate for a combatant to fire H.E. shell at rand<Jiu into a 
large city some 70 kilometers behind the front, as when the Gerniaufi firt*d 
h}ng-range guns on Paris and with a single shell killed or maimed SU people 
worshiping in a church. Instances of this kind could bc' cited by the score, 
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yet the advocates of humanity in warfare are apparently prepared to 
nccept such wholesale destruction wffien carried out by means of the 
older and more familiar methods of warfare. 

The record of gae in the World War as affecting noncombatants is 
.singularly free from the charge of indiscriminate and uncontrolled injury, 
for gas was not used in long-range artillery shell or aviation bombs, or in 
any way beyond a distance of ID or 12 kilometers behind the firing lines, 
which zone is universally regarded as the field of battle in modern warfai'c. 

Whatever objections might be logically advanced against the use of 
i h( inicals in war, the lack of control of their effect is not one, for chemicals 
r'uii l^e far more a(!curately controlled and their effects more earcfullj' 
udju^^ted to tbe purpose sought than any other weapon heretofore devised 
by man. 

t07 

CHAPTER V 

CLASSIFICATIOIV OP CHEMICAL AGENTS 
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rKemiral agents may be eJassified in several ways depending upon Jhe 
point of view' and the purixise of the classification* Broadly speaking^ w’c 
jnfly divide the several classifications into two general groups — tlieoretical 
and practical. In the fheoreticaJ group are included classifications 
according to: (1) chemical composition, (2) physical state, and (3) 
physiological effect, whereas the practical group comprises classifications 
according to: (1) persistency, (2) degree of action, and (3) taetical 
employment. In this chapter we shall discuss briefly these several 
classifications, both during and since the World War, including the system 
cf markiiig to denote the various classes of chemical agents used by the 
pdiicipfll nations, and we shall conclude with some general observations 
on Mic subject of classification. 

Unfortunately, many of the classifications heretofore in use were 
upon classes that were not mutually exclusive but tended in many 
instances to or^erlap. Thin was unavoidable from the proj^erticfi of the 
agents themseh-e^i, as will be more particularly brought out in discussing 
the \-arious claeses of agents, and there is probably ntj system that can be 
derised which is absolutely free from this defect. Nevertheless, claasi- 
(ication.s scr\ e many useful purposes and, for use in the field, should be 
niadr as simjiie and as clear-cut as possible. 

CHEMICAL CLASSIFlCATlOIf 

Although a vast amount of effort has been expended during and 
Binct the late war in an attempt to establiah Borne general law's goi’cming 
the relation between chemical structure and physiological action on the 
h''ing lK>dy, there is, strictly speaking, today no simple classification nt 
toxic j?uKstances in accordance vidth chemical composition* We have 
^'ntiotied in Chap* II the tremendous mimher of chemical compounds 
•niong which physiologically actii'e substances may be found. With this 
v»ift reser^’oir from which to draw, it is ob\ious that much research effort 
^®uld be saved if the field of iiearch could be delimited by the establish- 
of the general relation betw'een chemical composition and physio- 
2^“l nc'tiou. Consequently chemists and toxicologists have worked 
in hand oji this complex problem for many years and^ while they 
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have not yet solved it, they have succeeded in throwing much light upon 
the subject and enabled investigators to confine their research to certain 
familie&^f compounds w'here desired physiological properties are moat 
apt to be found. 

We cannot go vey deeply info this subject here; to attempt to do so 
would lead us far into the field of biochemistry and pharmacology 
and space does not permit; but we shall state briefly certain limited 
generalisations which have been established and found useful. The 
clearest simple statement of this complex subject known to the author 
is that of Hederer and Istin (15), of which the following is a condensed 
extract. 

It has long been known that certain metals and metalloids possess 
welWefined toxic properties and that thcj- often confer upon the com- 
pounds in which they are present marked physiological activity. Such 
metals are arsenic, antimony, tin, mercurj^ lead, and bismuth. Other 
elements, themselves of indifiTerent toxicological action, are capable of 
combining to form groups or radicals which, although they do not- alw’ays 
have an actual existence, have the pow'er of giving to their compounds 
s|i^al physiological properties* For example: (1) the ions H+ and OH- 
which form, respectively, the aeids and the bases; (2) the oxidizing groups 
SO*, SOj, NOi, and PjO*; and (3) the reducing groups — SO*, SH, 
PiOi, and CO. 

Thew materials being known, we can distinguish, without attempting 
to formulate a law of general application, three different classes in 
accordan<^ with the organiaation of toxic molecules; each of them is 
characterized by particularities of molecular structure and common 
physiological propertiea. 

In the Jiraf cfoss, the atom or the toxic group is combined, according 
to its valence, either with one or several halogens {F, Cl, Br, I) or w'ith 
one or several radicals (SOr-, SO*—, NO*—, NO,—, CN— ) but nevet 
with an atom of carbon. The Bubstancew constnicted on this model are 
mtner<U compourtd^j and their schematic formula can be written 



where the symbol A' represents either a halogen or a reducing group, and 
.If, the toxic atom or group. 

The substance mercuric chloride (HgCh), the formula of which may be 
written 

Cl— Hg— Cl 



\s an example of compounds of the first class* Other toxic compounds of 



military importance in this class are: 

109 

Sulfur mouochloride . . * * . . S*Cli 

AiHaic trichloridB * . Cl — Ast 

^C1 



Sulfuric ehlarhydria, 



o.s<^ 



a 



In the secoTid cIms, the toxic elements {M) are combined with one or 
several organic radicals (such as CH* — , CaH* — , CjH, — , CeH, — ) and are 
found linked by carbon, or by on© or several atoms of hydrogen — the most 
Bimpie organic radical* There are thus obtained the organic cornpounds^ 
many of which (to indicate the presence of the characteristic element) 
merit the name organo-mineraU. They respond to the general formula 

R—M—H 



in which the symbol M is the same as before and in which the R represents 
an organic radical* The substance cacodyl ((CHi)*.Asj), the formula of 
which may be written: 

CH. .CH, 

— As/ 

ch/ ^CH* 



fci ati exaniple of compounds of the secimd class* Other toxic compounds 
of military importance belonging to this class are: 



MifThyliDercapUii 

Methj'lamine 

Lewisite (III) 



Uechylrormatc* . . . . * 



ActDlein. . . * . . .*.... 

Hydrocyanic Mid* . . . 

nicnylcarbylamitiC- . 



CH»— Ab=H, 
*Afl^(CH=CHCn, 



0=C<^ 



H 

OCH, 



O^C 






CH=CHj 



H— C— N 

C*H* 



In the third c(n»s, the basic materials can combine, in one or sev eral 
with halogens or with ionizable mineral radicals, as bodies of the 
chwft and thus, or by the remaining free valences, either with carbon 
•^organic radicals or nith hydrogen, as bodies of the second class. In 
to realise similar compounds, called organic or argan^minpral 
j~*”**» primary elements should be at least bivalent. The formula 
i>r compounds of tliija class is 



R^M—X 

^wfaich all the symbols are the same as above. 

no 

Ethyl mercuric ehlorid©, the formula of which may be written 

C,Hi^Hg-€l 

is an example of compounds of the third class* Other important military 
toxic compounds belonging to this class are 



MustAnl gHH 

Dichbniiet hy laJrine 

Lev'ieite (It) 

Pluriiftene 



ChbrnfatniHte of tticthyl chloride . - 



<c: 



CHi^CHr-Cl 



CR,— Ab=CU 



(CICH— CH>f=A« 
0=^C^=Cli 



o— 

o=c<^ 



Cl 

OCCJ, 

.CHI 

CH, 



X—M^X 



lodoacHone 
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Cyanogth chlorifitf Cl— C=N 

PhenylcsrhyUmim* f'hloride Qi=C=N— C^H* 

MethylchbrduHnie * h SOa — H<^ 



Chlorpicrin . 



CljC^N^ 



While it appears from the foregoing that many of the WorJd War 
ehemical agents may be cJafisified in accordance with the scheme out- 
lined, it does not follow that all such agents are so cla'^sifiable, as there art 
many known exceptions, and tmdoubtedly many more exceptions will 
be found as new chemical agents are discovered* 

Another chemical classification of combat toxica is indicated by 
Hederer and Istin as follows: 

]. Oxydizens^ vhloriiift, cKlurpiprin, or 

2. Reducers, ucrolein, ketoneu* 

3. lonizEible, e.g., hydrwyftnic acid, antirtfw, or 

4. Nonionizahle, cnrbon niotiOKide. 

However, there are not dear-cut lines of demarcation between thesft 
dusses, nor do they in any way help to asisociate chemical compoeitio® 
with physiological action so that little seems to be gained by efforts to 
r'lussify toxic compounds along these lines. 

Our conclusion, then, as regards the chemical claaKification of toX» 
compounds is that at present only very .“iketchy approximations can bt 
made. Moreover, among compounds of military importance there art 
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so many exceptions to any general chemical dassification that the whole 
subject abounds in technical difficulties* Fortunately, however, chemi- 
cal classification is not of any great importance in chemical warfare, other 
than as an aid to research. Perhaps the most important fwint to be 
emphasized here is the fact that many of the most formidable toxic agents 
known today belong to two well-defined families of pompounds — the 
ryauides and the organic arsenicats — and it is from these fields that 
most of the future chemical agents seem likely to be drawn. 

PHYSICAL CLASSIFICATION 

The physical classification is very simple and is based upon physical 
state or form of the substance utuier ordinarjf conditions f j*c*, tempera- 
ture 68“F* (20*C.) and atmospheric pressure (760 mm. Hg), Thus, an 
agent is a true pas, if its boiling point is below ordinary atmospheric tem- 
perature, as is the case nith chlorine (b.p. — 28*F.). This classification 
as a true gas IS not to be confused with the broad generic term gas, used to 
refer generally to toxic chemical agents, but means that the substance is 
in a ga^ous state under ordinary temperatures and i^resflures. 

CUAHSlTir'AtiON <tr Chemical Agents Acr'OHUiSO to PuTbiCAL State 



f'brtuD mqnuidr. . .|'-31d BroiPb*ni3fI Ey*niiiB 4 

I "hLonnp — 3S.3 Uy^iQcytDic Acid 

KIumpbiu^ '+ 4S.7 ' Aeroleia 

Mydr WuTUF Mflid- - 4- TV . 7 M h I ar lUFth jl thl oro- 

■ fwmAtr 1 

milOflBEhii J 

OhloTtEPlaiiiE 

Trirklarmrtliyl«hlDrD~ 

forinjilt. ! 

MFlhyl^ulfiiryl Ebloride. . . 

! BranunEthylFihyL JietHK.. . 

' Bf * 

PcrchlormrlhylmErekptaii.. . 

£tbf l<l'?hl«r«nuiic 

EtbjlbFODUOCtAtF. . * 

mnwtbjrl ku^lAic 

LvwUiic 

fiaDtyl bromidt - . 

' Pk«iiy1 wliyltniinB olilDriidfl 

I Xylyl bToinidc 

I nichlorttbyl iulU« 

Phnyldiclilvriiiiiw 



I Diohlorcthyl ndOdt 

^ firiDiab«nud craLid* 

i| DiQ;h«s.ylc!jniumH 

I ^lliTF pho*ph4iTiH 

l>iplHtivlchL4nrf4nF 

t Lthykatbafeoi 

t>tphrnylanunFchl4rar*hiv-r 



• Udiioa point. 



An agent is a if ita melting point is below ordinary tempera- 

tures and its boiling point i#; ab<)ve such temperatures, t.e., wbeii the 
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range of atmospheric temperatures lie between the melting and boiling 
points of an agent, e.g.j chlorpicrin (m*p. — 92.4^F., b.p. 23fi.4'’F*)* 

Similarly, an agent is a solid when its melting point i» aboi-e ordinary 
atmonpheric temperatures, e.g.^ white phosphorus (m*p* lll'^F.). 

The tabulation on page 111 showet the principal World War chemical 
ugents classified according to physical state* 

PHYSIOLOGICAL CLASSmCATlON 

This classification arranges chemical agenfs according to the effects 
1 hey produce upon the living body. Both during and since the late war, 
the physiological classification syf4tems of the prineii>al countries 1ms 
differed considerably! in order to comi>aro these systems, we shall 
review briefly the salient points of each. 

American Classiffcatlon (World War) — In 

this system, the toxic substances are claxrified according to the predominant 
effects which they exert, with the understanding, however, that the action 
of anj" substance is not llmit<Hl to a siJigle tissue or group of tisauea* 
Thuri, a substance, the vapor of which causes injury to the respiratory 
passages, may, when applied to the skin, cause bli.^toritig. If the sole or 
chief usefulness of a substance in warfare dejiendi^ u]x>n its effect on the 
respiratory tract, it is classed as a rrspirotory irrit<i?7(* If it.s power to 
l)roduce casualties is due to its action on the skin, it is classed as a skin 
irrita^ii. If both actions are useful, it Is placed in both groups, 

1. Respiratory Irritants . — By far the greatest number of substances 
thus far used injure the respiratory apparatus* Thret^ groups may he 
differentiated: 

a. Those which exert their chief effects on the delicate membranes in 
the lung^( through which oxygen passes from the air into the blood. The 
main result of this injury is to cause fluid to pass from tlic bUtod into the 
minute air sacs and thus to obstruct the oxygen supplied to the blood. 
Death from one of these substances may be compared to death by 
drowning, the water in which the victim drowns being drawn into bis 
luii^ from his ovn blood vessels, phoisgene, chlorine, chlorpicrin, 
iliphoegene. 

&. Substanees which injure the membranes whicli line the air passages. 
During normal life these membranes insure protection to the lungs against 
mechanical injury by particles which may be taken in with the air and 
against bacterial infection. As a result of the action of substances of this 
group, their protective ]>ower is lost. Portions of the membrane may 
become swollen and detached and may plug up the smaller passages load- 
ing to the lung tissue, or the damaged tissue niay l>ecome the seat of 
bacterial infection, thus setting up bronchitis and pneumonia, c*p., 
mustard gas, etbyldichlorarsine. 
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c. Substances which affect chiefly the upper air passages, i.c., the 
nose and throat. These substances cause intense pain and discomfort, 
bnt are not dangerous to life. They ca^ise sneezing, painful smarting of 
the nwe and tliroat, intense headache, a feeling of severe const ricti mi of 
the chertt, and vomiting* For varying periods after exposure, they may 
cjMise general muscular weakness and diariness, loss of sensation in parts 
of the liorly or any transitory unconsciousness, e.g., dipijenylchlorarsine, 
d i pbeiiyl eyaiiarsine . 

2. Tear Producers (L«mm«lorif).^<^ertain suhFstance>i have a poTi-erful 
effect upon the eyes, causing copiotis flo’n-ing of tears, followed by red- 
dening and swelling of the eyes, producing thereby effective temporary 
blindness* These effects are often produced by extremely minute quan- 
tities of fear-producing substances* Large quantities of the same sub- 
.^tances usually act as lung irritants as well, s.g., brombeniyl cyanide, 
hromacetone, ethyUodoacetate, chlorpicrin. 

3. Skin Btisierers (Ve«'cOT*te),^'^^Certain substances have a powerful 
irritating effect upon the skin, very much like that produced by poison 
ivy. The some effect is produced upon ail the surfaces of the body 
iiith which the aubetance may come in contact, such aa the eyes and the 
breathing passages* Accordingly, a substance producing akin blistering 
will, if inhaled, also act as a powerful irritant of the air passagea, e.f., 
mustard gas* 
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American Ctassificatioii (P&stwar), — Agents are dassified phyaio 
logically according to their most pronounced effect. The following are 
the terms usually employed' 

L Luitff Irntantt .* — Agents which, when brcwthed} cause inflamnuticm and injury 
tfi tlie interior carity of the bronchial tube? and the lung!^, phof^tene, diphoegene, 
f^hlorpicrin. 

2. /rriiani? (Ste/ytttifUora ). — Thoee substances which produce violent sneezinB and 
coughing rolloHcd by temporal^- physioal diHabJlity, fttemutatoT? are uaualiy in thr 
b>rni of irritant f^ntokes and tlie two are regnrded os synonymous, e.{ 7 .,diphcnykhk>rar- 
cliphcnylamincehlorarsine, diphrnykyananaine. 

'S. Lactiuf^jiors . — Agents wliich cause u copious flow of teaiB and intense^ though 
leinpoTstrj-, eye pains, biomacetone, brombeniyl cyanide, chLoiacetophenone. 

4, —Agent ft which, when absorbed or dissolved in any part of the human 

iKKly, produce infiuminatiun and burna with destruction of tii^sueBr 

■* The luithor hiw ftuhstituted the term lung injurania for thia daw of gasea to 
dt!'iinKiiLsb Them fmm the nowe nnd throat irritants futernutatoiia). 

Britisli Classification (World War), — During the early part of the war, 
the British cmploy<xl four cltusse#!^ as follow^!: 

1 tjtuicft of ^terniiuietit elTwt, roughly corresponding to ourcloMof vcsicaiits, e.g,, 
dichlorelhyl HulHdc- 

2. GobCH cd temihiiar>^ effect, roughly coiTcsipouding to our ebuts of luug Injumnta, 
^■9r, pliuHgene. 
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3. GadOB having a‘ nonfatal effect, cuneapoiiding to our irritants, et.hyk 
idioneotate. 

4. Gases having a faUl effect, corrwponding to our clasti of ByateruJe poisomv 
hydrocyanic acid gaa 

J^ter on in the war, the British reduced their pliyaiological da«t^ifioa- 
Uozi to only two cl&SMet^: 

1 . IjMcrimatoTy agents {cthyliodoacetaTe]. 

2 . X^thid sgents (phosgene, chlorpieriu, nnjHtnrd ga»). 

British Classification (Postwar).— Since the w'sr, the British have 
udopted the following classification: 

a. Vcsieantft, e.g., muntard gas and Icwiailc. 
h. Lung irritantB, rp,, photigene, chlorine, chlorpicTin. 
c. SenMor>" irritants, e.g., diplionyh'hlorarsine, diphony Jcyan amine, 
dr Lut-riinatorH, e.g., brombenEvl evttnide, xy\y\ Tiroiiiidt', etc. 
e. Dim't pf»iaoiL*i of the nervous ftx'wtem, or parah-BHnts, r.g., hydroryanje acid ga^. 
X Gaws irt hich interfere with the reapiratory function of the blood, tt.g., earlHin 
monoxide. 

Broadly speaking, the gases in groups (5) and (p) may he regarded 
as lethal agents, and those in group.s (r) and (d) aa irritants, capable of 
putting a man out of action immediately, though only temporarily" j 
whilst those of group (a), though intensely poisonous, haiT, when uise<l 
against tnjops who are w’ell disciplined in defence against gas, a casualty- 
produdug jTOwer enormoii.-flly in excess of their killing power”* 

French Classification (World War), — The French classification 
recognised seren classfej as folh>w s: 

1. Highly toxic gasc^, tf.p., hydrorviiiiit^ acid. 

2. f^uff pent jug or Afiphyxisting gftwft, e.g., chlorine, phoagene, dipbosgenc, 
(diiorpirrin, 

3. LarrimatfirM, ^'hloracctaiic, ucrukio. 

4. \'eakant 5 , f.g., mustard gn>, dimethyl culfule. 

5. Stcmulatorft, c.p., djphciiylrhlorsrftiue, dipheoylcyanaraine. 
ft. Lftbyrimhic, whkh affect the ear, e.ff., diehhmnethyL ether. 

7. Carbon monoxide. 

French ClasGification (Postwar),— nee the war, the French have 
simjdified their physiological classification to the following; 

]. IrritHTit toxica compriiiing: 

a. Lacrimatom, e.fl,, benz;'! bromide and xylyl bromide. 

b. Reopiraterj' irritantis or BtcrtiuTatoTa, f.g., diphenylchloraTBinc, dipheoyh 
ci'Wkaniioc. 

2 . CauBtH' toxica comprising: 

A. Lung caufltica or auffocanta, e. 0 ., chlorine and phg^Cne. 

b. Skin caafttice or vesiCanta, c.p., mustard gas, IcwnsitCn 

3. General toxica, e.g., hydrocyanic acid t>^, comprieiixg no actual walk 
^iifferertiated subdi visions. 
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German Classlficstioa (World WaT)4-^The earlj" German classifica- 
tion distinguished three classes as follows: 

I. Irritant gasca {Rnteto0e) which nusa only temporary injuries, comprising: 



t LaenjtuUora^ tp., T-Stoff. 

ft. IrriiaTiUy t.g., B^toff, Bn-Stoff* D^Stoff. 

2. Cembai goaea {Kampfetaf} w hich cause more permanent inJuricB, C-Stuff 
III id K'^toff. 

3. Toxic gaaoa w hich cause death or oerioua iacapadtatlon, e.g., hydni- 

ryanic acid, diphosgcne, chlorpicrin. 

Later on in the war the middle-dafltj (2) gases gradually dropped out 
mid the German.-? came to recognize only two great daises: (1) the 
iionfaial irritants, and (2) the fatal toxic gAses. 

German Classification (Postwar),— Since the war the German-? have 
adopted the following el acidification : 

1. Lacrimalura Aamp/rto^rl, e.g., bromaretone, lylyl bromide, 

hromlienxyl cyanide, chkiracetophcnonc. 

2. STcrnutatore {nieaenjertegende e.g., diphcuyirhlorarftiiie, diphenyl- 

[ yaiiarBliic. 

3. Lung irritantf! {tungmreiiettde Katn^iffMo^e^, f.ff,, chlorine, phosgene, diphoogetic, 
i hlurpk-riu, lewinitc B. 

4. VeoicantB Kampjeio^e), e.g., <'hloroviuyldichlorarfiine, dichlor- 

rrliyl duUidc. 

5. yervf poiftons {Neroeng^e), e.g., hjidrocyanif acid, - 

On comparing the several World War physiological dassifieation? 
with those of the postw’ar period, we find that there was much greater 
divergence among the various systems during the war than since then. 

Thus it is noted that the Glerman World War classification differed 
iti principle from those of the Allies, the German classification being based 
jiolely upon the degree of physiological effect, while all the Alliei?' systems 
wore ba-^^ed upon the nofurc of the effect. 

Since the war there ha^ been a gradual rapprochement of viewpoint 
in the matter of physiological classification so that now we find the 
liTiiieipaJ nations in substantial agreement upon the following physhi- 
logical clasjJtification of chemical agents: 

1, Lujig injur ante — compounds which attack the puJimmar}' jiUMSugeN 
'^nd lungs and generally prove fatal in a few hours if the gas is ]iresen1 

the usual field concentration. 

2, Irriioftts (often called stemukUors ) — compounds which produce a 
Wrong local irritation of tlie nose and throat, causing violent snet^zing 
wid coughing. This irritation often extends to the stomach througii the 
walloving of saliva containing the irritant substam^e and causes si‘verr 
headache, navisiea, and vomiting. Exposure to strong concentrations of 
itntaiit comiHuznds generally results in marked physical debility, How- 
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ever, these effects are only temporary and are limited to the period of 
exposure and a few hours thereafter, 

3, Lacrimatora — compoanda which act almost exclusively upon the 
eyes, producing a copious flow of tears and rendering vision impossible 
during the period of exposure and for from half an hour to an hour 
thereafter. Lacrimatoty gases seldom have any other physiological 
effecta in the concentrations employed in the field, 

4, Veaicania — compounds which attack all body aurfaces which 
they came in contact (both internal and external), producing blisters and 
a genera] destruction of tissue similar to burns from fire. In addition 
to this surface action, most of the vesicants were also toxic if inhaled into 
the lungs in the form of vapor. Because of their multiple effects upon the 
body, the vesicants were by long odds the most prolific casualty producer 
of any military agents used in the late war. 

5, iSyatenuc poMona— compounds which usually attack the blood (as 
carbon monoxide) or the nerve centers (as hydrocyanic acid) and produce 
almost instant death by arresting the \dtal processes of the body at their 
motor centers. These agents are the moat virulent poisons with respect 
to the quantity required to produce death but they are not tlie most 
fatal gases on the battlefield owing to their extreme volatility, light 
vapor density, and other peculiar properties which detract from their 
effectiveness in the field. 

In addition to the above classes of gases, there are also the smoke 
and incendiary agents but, as they produce only slight or incldentaJ 
physiological effects, they are usually omitted from the physiological 
classifications, 

CLASSIFICATION ACCOKDINO TO FBRSISTFNCT 

As the persistency of an agent in tlie field measuieft the length of 
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time itis eff^tive concentrAtion can be mamtabed and henee the dura- 
tion of its aetion in battle, the classification of chemicfll ascents aecord- 
iiifiC to persiAtency of great practical importance* 

For the purpose of comparison, we ahall note briefly the prat-t ii-e of the 
principal uatbi^ with regard to this classification during ami since the 
World War, 

American Classification (World War), — The classification Khown in 
the table on page X17 was employed by the American Army during the 
War: 

American CUsslficatioii (Postwar).— Siut« the World War, the 
American elasaification has been reduced to two classes by the elimina- 
tion of the intermediate (moderately t^ersistent) class, so that now 
agents which perisist for more than 10 minutes in the open field are 
classed as pcrsistenL, while agents which persist less than 10 minqtes ara 
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classaed aa nonper«iitent. In accordance with this scheme> only the 
follow'ing important chemical agents w nonpersiatent : Cl, CG, HCN, 
CN, DM, DA, DC, WT, FM. All other agents are persistent. 



Aussjcan World War CLA^siriCATiosr Actohdiso to Pbrbistency 



Cluw 


Agents' 


Peraisfeiicy 


Remarks 


In 

op«n 


: Tu 

woods 


I. Nempeniatent. . . . 


VN 

Cl 

OG 

CNL 

DA 

DC 


10 min. 


3 hr. 


Thc« gasea are very volatile, 
vapori^iiDg entirely at the momenl 
of explosion. They form a cloud, 
capable of giving deadly effects, 
but which loscfi, more or li^ss 
rapidly, iU effectivenett by dQn- 
tion find dispersion into thr 
atmwphete. 


11. M^slerately per- 
sisireDt. 


NC 

PS 

PG 

PCC 

DG 


3bT. 

i 


12 hr. 


Theae gases, having moder&trly 
high boiling points, are only per- 
tially vaporiwd fit the moment of 
explosion. The cloud formed 
upon exploHLoa is generally not 
deadly, but it immediately gives 
penetrative lacrimatory or irri- 
tant offects* The majority of 
the gfls contents of the shell tft 
pulverized and projected in thn 
form of a spray of fog, whieh 
slowly ftcttlos on the ground and 
contimies to git'e off vapors that 
prolong the HCtioti of the initin! 
rioud. 


Ill- lliglily ppTfijstent. 


H3 

CA 

BA 


3 days 


7 day* 

1 


Theee gases, having a veri" high 
boiling point, nre hut little vaptw- 
iied at the moment of exploeinn. 
A Email portion of the contents of 
the shell is atomized nnd gives 
immediate effect, but by far the 
greater part is projected on the 
ground in the form of dmplpts 
which slowly vaporise and con- 
tinue the action of the initial 
cloud. 



Other Classi^fijCG lions . — The British, French, and Germans, neitlier 
during nor since the war, adopted any sharply defined classification of 
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chemical agents in accordance i^ith persistency* On the contrary, all 
tliree, ^^hiie recognizing generally the two main classes — nonpersistent 
and persistent — failed to specify any definite time units to distinguish 
thf^e classes. 

Thujif the British point of view, 

. . . iirt- |cnh<tniU>' dividi^l into two inAin cateforiea: 

Non persistent, 

PmiAltnt, 

Nonpi^rsir^tent suh^tiu^ren when hl^'rntLfi tirv rapidly coiivvrred into gtUf or smukc; 



rluutU of g:i4/HO produced i^niitjimc to lie effective until diiMipattnl by the wind nnd 
the FU11. 

PeniiATent Miihstaut.'es unt^ in gas warfare are fteuerally liquids, whith contaminate 
ihc aren on which they nne relcaitcd and continue to give off vapor for a considerable 
period. Mustard gas and moHt tear gftn«; ate Typical examplw* Whilst evaporation 
is going oi] the iminodiate neiglilxirhood to leewaid of the contamination la dangerowt. 
In the eaf»e of gatces such as mustard gaa, which attack tits skm, actual contact with 
ivuntiTiumited irtound or objocta muat be avoided f 

The French view of this subject is clearly expressed by Hederer and 
I still Rn follows: 

The mihrurv employ meut of the chemical arm leads to the distjnotiou, oa the baaia 
of total paiticuhir tonic effect, between two categorieis of aggrecHive substances; The 
vulatile subsTiinccs and The porsistent nulistances. The ^’obtilc substanf^M are either 
gnaca, Fiich an chlorine, or licpiidN of Ipw lioiling point and high vujM>r pressure, iruch 
jiS phosgene and hydcocvimic acid, which boil, respectively, at nnd 70"F., or 

«jlidn dispersed as ultminicroHcnpic pHTticles, such as the chloride or cyanide of 
dtphcnylursitie. 

The first constitute rhe giiM^uus ‘*clmuls ^ and the s«-ond siimkos w hich diffuiv 
;iiid rnpidly vanish in open country'* 

The ^>cT>5iTitent Rulwtances tire, on the coiilrar} , liquids of high boiling point and 
Utw vrqxfr pnwwure. such as cldnrpicrin and mnstard gas which boil, nwiKvth ely, at 
234'"F. imd 423^F. Their clmuls condense iiptm the ml in the form of inimite liquid 
■ Implcis jmd e^ apnrntr sjtuvly. These substances are generally endowed with great 
sialdlity. They dn nor oxydijie rendib" hi contact with air and they hydmlyie only 
with iliffieiilry 

As 1(1 Geninm prneticc, .‘^ayw: 

by |HTs|stetiie we iiuilerKiund the peraHi of lime durmg whieh a mmhHt sid'- 
?:tmiec ivmaiuK oii (he spot W'herti it was liliemU'd for tiiclk-id purposes, and exeri^ 
its effects there. This persistence ia dependent first of aU upon the ^-olatility gf the 
substance in question; it is greater the lower the volatility, and vice versa. 



Fitun ii laclit^ul view't>oint, persistency is ft matter of vital importanit^ since it 
thi^ pnus'rty wliich mainly deterininos whether or not a chemical agent is suitable fuf 
use on I he Mflcjisive. Since utt licking trtuijw must iravetue tiie gtoimd lietwri^n their 
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own position and that of The enemy, and, if their attack i> iaueceMful, the>- muKl 
occupy the enemy ^s position, it ia manifest that chemical agents employed in support 
of the attack must be of very low peraiatenc^'^ ho as In leave the teiraia treated with 
luich agents safe for occupancy by the auacking troops when they reach the enemy 
Lines. Under normftl battle ennditiona, it huts been found that- gases which perwl 
for more than ten minutes after release upon open ground are dangeroiui to attackiiiK 
troops when they traveme or occupy such treatrd arcaa and heui-v only nonpeoiistcnl 
gases are suitable for offoneive operations, except when the attack irt nitide un such a 
tiroad front that yertaiji Htrtmg defensive areas ('an be avoided in tht? lUtiu^k, in whiidi 
raw Biich areas may be treated with perHiatent gases. 

For general bamifwing and for defensive operations, where the gnumd treated with 
cheniienl ugents is not to ho occupied by friendly troops, persisteut ugiuits are iiion' 
effective and an? generally employed for these purpoaes. 

For Use of troops in the field* no militan' classitu'fttion of chemii^L agents can 
ignore pemisteucy and the more I'ienr cut and definite the elnssi fixation ai'rording ti^ 
persistency, the niore napful it iK. 

He then gives a tabulation of the persistencies of Heveral of the more 
importt:nt chemical agents, calculated Recording to the Leitner formula 
(see page 21) and arranged in inverse order of persistence, but no segre- 
gation into cbisues Recording to persi^^tency is mode. 

CLASSIFlCATlOn ACCOllBUfG TO DKORES OF ACTION 

By degree (jf action is meatit the seriousiiess of the casualties inflicted 
by chcmif'al egents and, ar chemical agents vary all the way from simple 
lacrimation to almost in.stant death, there is a wide range in their degree 
of action. 

From the viewpoint of military operations in the field, chemical agent? 
are generally divided into three elas^te^^r 

1* Lt^ht-casualty Jigentj^ v hicii produce simple laerimation or tem- 
porary irritation of some part of the bwly, as the nose and" throat, e.p., 
sfernptators* 

2. Moderate-rasuaity agents which incapacitate for a period of from 
a few days to several weeks, but seldom cause permanent injuries or 
death, e.j,, the vesicant ageiUs (mustard gas), 

3. Ssrioits^avtu^tilif agents which cautte prolonged or permanent 
casualties and a high percetitRge of deaths, e.|^., lung injurants such as 
phoagene. 
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Close[y tuiflodated with, and really fonninfl; a logical part of, the 
claKNificatioa according to degree of action, is the further consideration 
aa to the speed of action of chemical agents, *.e., whether they produce 
iminediate or delayed effects. In general, agents of the ligjit-caaualty 
claas (1) and wrioua^easualty class (3) produce immediate effects, 
whereas those of the moderate-casualty claas (2) produce delayed effeetji, 
but thU rule is variable and there are notable exceptions both ways. 
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TACTICAL CLASSmCATIOK 



Tliis clasaification is according to tactical use and logically emhracets 
rlie following clasHes (see Table III): 

J. Oisualty which iactude: 

a. Inms injunntu, 

A VnnrimfB. 

t White pHosphonti, 

2 . Hanwiing agent*, whwh inrliid*; 

<u Lacriinatortiv 

b. InitaiilB (siemutatorv and irritant emokfla). 

3. Screening agent* (obacuring imolce*), 

4- Inrendiari' ageiitB, 



mUTAMY CLASSIFICATION 

From the six classifications descrilwd above may he worked out a 
single mixed classification which is useful in military operations. This 
mixed or military classification groups all chemical agents into categoriew 
must useful to the using troops. 

As the two things whic^h are of paramount importance to commanders 
in the field arc (1) pcrti^^iicy and (2) naiitre <#/ ejTcctr produced Upon the 



|■rlc‘m>^ the most logical military das>iification is ss follow^s^ 

MllJTAHY CLASStFlCATlOK Of COkOlAT GaSBB 

1. .\imficrsitttnt ageiitt 
A . Lung 

I Chlorine (Clt) 

Methylaulfnryl thloride. . ..***. (ClSOtCHi) 

Et by Isulfijryl chloride (ClSOtC jH l) 

ChloTmethylcljlpTxrformftte, (ClCOOCHiQj 

Phosgene (COCl,) 

DAneihyl *uKute CCHj}iSOi) 

PcrehJormerhyliiierruptfln. CSCCL<) 

Trichlomurthylehlorcdortnate. . . tClCOOCClij 

Chlurpjt^rin (NOiCCh) 

Fhenyleiirhybmme chloride. . . . (CsHtCNCli) 

Diohlonueihy] ether ...... ((CHtO)»0) 

Dibtommethyl elht-r ((CHtHr)^) 

! Fhcnyldichbrir!Hjie (CiHiAsCLt) 

ErhyldiehloraTwne (CiH*A*Clj) 

Phi-nyLdibrom amine (CaHiAitilr;) 

f*. kntiirntorif irriltuUit ^fllemultlton^) 

/DiphenylrhloTHrsine [CfHi)tAnCl) 

I (V , ) DiphiiivtcviinarKine. (CtHbltAsCN^ 

‘ )Ethylrurh*iol ((CJIJ,NC,H*^ 

' UiphciiyliiiumK'hloramne — . . tNH(GtH4)iAsCl ) 



C. i^tftitTnic toxiai. 






1. Pure Jnfrim;ktum. 



2. Tnicb luf^rimslom. 



ft. Delttifrd fjT«/ 

1. Pure vcsiemilH. 



2. ToKtu veMleaiitri. . 



* erintwily tirain lung injMrtDb. 

t Prinunly luii* Inliuvnt*. 



i PliLuyldicLiLururviue* * * 


. . (CtH^AsClf} 


JEthyidichlorjirsjue* 




/ Et hyldibromumine *. 


. . tCiH^sHri) 
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/Uydrocj'snji: acid 


. (EC'S) 


jCjTHiogcn bromide 


. (CNBr) 


^Cyanogen chloride 


. (CNQ) 


’piienylc*rhy limine. chloride* . . 


. (CtHiHOa.) 


j EtliyLhromaeciate 


. tCH,BrOOOC,Hi) 


IXylyl bromide . . . 


. {CHiC«HiCH,llr) 


]Eh-riEyl btomidc 


. (CJIiCHdlr) 


i EthvUfXlunnct.Hte 


. {CHjICOOCiH.) 


Bcniyl iodide 


, (C^H^CHd) 


Hroml>cacy] cyAnide 


. (GHtCHPrCN) 


Cl ilora retophenone 


. tC*HiCOCH,Ch 


CblornivTOMC 


(CH,C0CH,C11 


Rromacelono 


. fCH„COCH,Rr} 


lodcincctortc 


. (CHiCOCH-h 


( Acmlrin 


(CHd::i^CHO^ 


iRmmmethvlethvl kctnii^ 


. (CHiCOCHRrCHx 


[Chlorpicrint. 


. (CCliNOd 


iPhcnylcfirhylAitiiiie chloridef. . 


. (C;H,CHa,} 


Dimctbx'l &ulfat«t 


. UCHdiSOd 


MeihvldiohlorArsiiie 


(CH,.Aiiad 


Dichlonethrl etulfide 


. {S(CtUiCl)i) 


Phe*i vld ichlorarsine t 


. tCtHtAsdd 


PhenyldibioEuanfinet 


(GnH^AsRnJ 


Et hy IdiehloraTEine t 


. (CiHiAsQt) 


\ Chlonvny Idichlora reine 


. (CICHCHAfldi) 



Wliili? the above classifiration is a logical and useful arrangemeni 
to combat gtusee in accordaiif^ with protwrties of primary' im]x>rtauce to 
trt>t>ps in the field, it is nioiK^ fortuitous than rigid in its apid teat inn. 
Thus, while all vesicant gases heretofoie in use liave l>een persistent and 
have had delayed effects on men and animals, it does not follow tiiaf all 
future I'csicants will nece.ssarily have these properties, for lhcn» is no 
known conuct'tiou Iwtwcen vesication and persistcjicy, or between 
vesicuthm and delayed effeets. On the contrary, it is entirely iwmsiblc 
that a hohjM^r.sistent vesicant, or one that is immediately effective, will 
disit»ver<‘d. There is an urgent tactical demand tar such a tyjie of 
gas and there' is no reaaon why it cannot be found* Similarly, there is 
no inherent rcitscm why luug-injurant or respimtory-irritant gast^s should 
non jxrrsi stent and it is readily conceivable that pt^rsistent gases of 
these two classic may exist. 

Accordingly, all we can say for the military dassificatiem indicated 
nl>ove is that it accords with the know n facts today and is a logictd and 
useful arrangement. If and when exeeption.s to this dassificatiem appear, 
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ma ib not at all 'unlitdy, we ahalJ then bfive to amend our arrangemeiil 
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aitd formulate a clarification in accordance inth the nevr 
klARElNG SYSTEMS 

In order to indicate to troops in the field essential information con- 
cerning the type and character of tlie fillings contained in chemical 
projectiles, each nation adopted a special system of marking anch pr<*- 
jw^tiles. As the basic theory of tlie several marking f^yhitem^ u«cd in t!ic^ 
wiiv was quite different, the principal features of each will be noted hen\ 
Oennan System. — We ha^'e said that the German World War c|assi* 
ficatLon of combat gases differed in principle from the classificationh of 
the Allies, in that the German system was based primarily upon the 
digree of effect exerted by the gas, whereas the Alliej^' systems 
predicated upon the Tiofurc of the effect, i.e. whether lung injurant or 
vesicant, etc. Based upon the fundamental idea of degree of effect, the- 
German system grouped all gases into four major Hasses, with dis- 
tinguishing marks, as follows: 



Clau 


Ph3'aioLogiea] aetion 


Marking 


1. HarmlRsa gases 


Laerjinatej^ (Aufffiirfiz- 


Wiiite Crum* 




tioff) 




T-Sto0 


Xj’l^'l bromide 




imoff 


Bromaeetntie 




Bii-Stoff 


Brommethy Icth j'l kei cum 




2. Slight Iv harmful giwcv 


Irritantfe (Rfixtif^t'y 


Blue CroHH 

f Blnu irrfujkatajlfHofff } 


Clark 1 


Djph«ti3'lehlnrarai no 




Clark II 


Diphenyleyanariune 




Dick 


Et by IdlchloratKinp 




3. .Moderately harmful 


Vesicunts (Uawutxi'hrufii 


^ elUm^ Crows 




Kamp/Elo^f) 


i iOfiihkrptiikampftUaffe} 


UwJt 


Dichloretliyl sulficU- 




IKStoff 


DiiuHhy] Aulfute 
Diehlurmi'ihyl ether 




4. S< verety huniiful 


Lung ihjanmTii 


1 Gm-ii Cnirtu 






1 xGfua^rtiUtkntifpftttQ^e 


Chinr 


Chloriii'^ 




(D-Rt*ff) 


Carbonyl rhlnritlt^ 




PeTMtoR (dlpluKigf^tie) 


Trivhlormet hy Ir 1 dnTn- 






formwtp 




Klnp (chlnTptLTin) 


Nitrochlumform 


! 


K-Stnff 


Monochlonnethyl eliLoro-i 




formate 


i 



All projectiles containing gases belonging to any one of the abo\e 
groui*s were marked with a corresiiTjudinB: c^jk>rpd cross, an indicated. 
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To identify further particular gases vithin a group, additional marks were 
used. Thus, if a shell contained diphosgene, it was marked with a green 
cross; if it contained diphoagene mixed with chlorpicrin, it was marked 
with a green cross and the figure 1; if it contained phosgene, diphosgene, 
and diphenylchlorarsine, it was marked with a green cross and the 
figtire 2. Similarly, diphenylchlorarsine was marked with a blue crosH 
and the figure 1, while diphenylcyanarsine was marked with a blue 
cross and the figure 2. Ali^ ethyldichlorarsine was distinguished from 
mustard gas (yellow cross) by adding the figure 1 to denote the former 
filling. 

The earlier type shell containing lacrimatora and simple irritant?* 
xvere marked.witb large vrhite letters thus, for B-Stoff, “C” for 
C-Stoff, and “D” for D-Stoff, etc. There was no uniform body color to 
denote gas shell as a whole; the earlier types of gas shell w^ere painted 
gray, whereas the later types were painted blue with a yellow ogive. 
Smoke shell w^ere painted gray with a black letter "N'' (A^chel, fog) 
distinguish them from gas shell. 

Incendiary shell W'ere painted red all over with the word '^Brand-Gr" 
fui the side in black letters to distinguish from certain types of HE shell 
wMch w'ere also painted red. 

The principal defects in the German marking system were: (1) the 
lack of a distinctive uniform body color to distinguish chemical shell 
from other types; and (2) the absence of means for indicating the relative 
]>er8]stency of the various chemical fillings, which is of great importance 
to tactical operations in the field. This second defect was somewhat 
mitigated by the circumstances that, as a whole, the Green and Blue 
Cross shell w*ere noniiersistent, while the Yellow' Crows were persistent. 



But this was more fortuifou.? than deliberate, and the line!;^ of demarca- 
tion were not clear cut. Shell containing ethyldichlorarsine were at first 
marked as Yellow^ Cross 1, but were later changed to Gi-een Citons 3, 
wEieji it was found tlmt this g^is was sufficiently lumpersistenl to useil 
MU the offensive, 

French System*— KreuHi chemical shell xvere di.stioguisliMl fi^uii 
other typew by a body color of dark gre*?u, and the UK^mdiary shell were 
diatinguiaheil from the gas sJiell by a rt»d ogive. There wctc uo'Kj’etu Ji 
smoke shell, difitlriguished as such. Certain gas sheJJ liad a sufficient 
amount of snioke-producing material to make a \isible cloud on burst, 
but they w ere regarded as gas Hhell. 

Chemical fillings, regardlcfis of w hether they were gas, gas with smoke, 
or incendiaiy, w-ere denoted by certain code numbers, sometiim-s io com- 
bination with colored bands or stripes on the shell. The cod(‘ mimberH 
were arbitrary and were not arranged in any way to indicate 

persistency or even the type of chemical filling. On the f (jiitrary, the 
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mimbera seem to have been chronologically assigned to each filling as it 
wa» adopted. 

The following table gives the principal French chemical shell with 
Iheir markings: 



Shell 



Chsrse 



MsTlcingK 



rnm. mr«a<liHry 

75 inm. inrendlsty ....... 

Tfi mm. 

75 Turn, km 

75 mm. Jiiid htrioke. . . 

75 mm. and r<moke. . . 

75 min. gaa utid iiniake. . . 

y.'J inm. K&K 

75 nun. gaa 

155 imn. gu and smoke. . . 

155 Him. kbs . . . 

155 mm. gan 

155 nim. P.A. gu 

15 nim. F.A. moendiAT^', 
Naud. 



Carbon disulfide' while 
phosphorus; rylmder of iu- 

oendiaO' in <'eUuloid 
Wlute phoapliorus; neutral 
liquid 

Viu«nnit« quartemaire 
(^^4) 

Vitrite; luauKanite; mamite 

Collgnstte, ^jopacite, H 

Aquiuite, op&rhe, H 

Martouite; opibcite 

Yperite with soh'eni 
Camjte* 13; aquinite, 100 
CoUoueite, Hi opacite, 

Aquiiiite, ^i;opaeite, 

Yperite with aoivnent 

Canute, 13; aquinite, 100 

Carbon disulfide and tar; 
phospheruB 1 ; LiloKTam 
ey Linder of jneendian' 



Greet! ogive, red body, No. 2 
on top of oei'i'e and also on 
bottom 

Green ogive, red body, No. 3 
on'lop and bottom 
Green, 2 white rings. No. 4 
on top and bottom 
\Yhite Bands, ^‘4B” on 
ogive, ba«e and shell casp 
Green, 1 while ring, No. 5 
on top and bottom 
Creep, 1 orange-yellow ring. 
No. 7 on top and botloin 
Green, 1 OTange-ycllow ring. 
No. 9 on top and bottom 
2 oniiige>-yellow band», " 30'* 
1 orange-yellow' band, "31'’ 
Green body, 1 w'htTe ring. 
No. 5 on Top ogive 
Green h€>dy, 1 w’hite ring, 
No, 7 on top of the ogive 
2onnge-^yellow^b&nds, "20" 
on top of Ogive 
1 orange-ycllow' hand, "21" 
on top of the ogive 
Green body, red head, and 
hlnek ring 



155 mm. Nand (steel) 



matter | 

Carbon disulfide and tar; . Cireen tiody. red head, ami 
white phuspJiorufl;cyliiider: blnek ring 
of Lneciidiary i 



Tbp French sysfem of innrking, being purely arbitrary, had little tti 
ccf^mmend it. The infnnnatipn denoted by the code numbers applietl 
only to the filling and, unless troop commanders were very familiar witli 
the properties of these fillings (w'hioh w^as seldom the case), they had 
little or no guidance in the use of chemical shell in the field. Moreover, 
the numbers painted on the shell frequently became more or less oblitei^ 
*tt*d, and when they w^ere illegible, the different kinds of gas sliHl fre- 
quently could not be distinguished. 
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British Syatem.^The three classes of British chemical shell were dis- 
tinguished from each other and from all other types of shell by distinctive 
body colors, as follows: gas shell were painted gray; smoke shell, light 
green; and incendiary shell, red. In addition, for gas shell, the kind of 
filling was indicated by a system of colored stripes encircling the body 
of the shell as follows: 

FiUing Marking hands 

SK (cthylknkm™t«tfl) No bands 
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KBK 

PS (rhJorpimii) 

PG (50 per {►eni rliJurpit-riii i 

XC (SO per eiilorjiierin; 20 

< hlon^le; 

VX (vinceiMiittv. 

CG (pho«g«niO 

CBH ; 

Bfl (njitbtiinl 



No bjindri, Letteic HVV 

1 white 

2 white 

per tent 

1 while, 1 red, 1 white 

1 white, 1 red 

i red, 1 white, 1 red 

1 red 

4 red 



Thr smoke shtdJ \verp distil ignis] tod by having a red ring painW 

around the ogive, t hwo to tlie nos*e of the jihell, and the letters *‘PHOS'’ 
Hteneiled in hhu-k on the side of the shed to denote phosphorus filling. 

The ineendiarj' shell were without di.sttnguishing marks^ exc'ppt all 
m'er red eolor. 



From the loregoing, it is app^j-ent that the British system was an 
iinpi-ovement of the French, in that each class of chemical shell was dis- 
tinguislied from all other types and the kind of filling was indi< ated by 
hands that were more readily identified than the French ('ode numbers. 
However, the British system also failed to denote the persistently of the 
gas fillings a^ a guide to n.se in flio field; in this respect it was o]Hm to the 
same objections as the Freneh system. 

American System (World War). — In the war, American chemical 
shell were distinguished from all other type.-= by a gray liody c^Jor and 
black lette^ reading ^^St>eeial Gas/' ^‘Special Smoke/^ or '^Spccifil 
Incendiary." The three elasscs of chemical shell were further distim 
pushed liy distijictivc color stripe.s encircling the liody of the shell, as 
follows: gas shell- white and/or stripes; smoke shefl— yellow stripes; 
iiKH'udiary shell — purple stvijH'. 

Among gas shell, those filled with non persistent gixscs were cjistin- 
gnished by white stripes; those nith iiersistent filling.'* by red stripes; and 
thof3<^ with semipersistent filiinga with combination white and red stripes^ 
Furthemiore, within each group of gasea the number gf stripes denoted 
the relative persisteni'y, Tlmt is, tiic least persiatent gas uf the non- 
pcj-sistc-nl grou]> was deiiotcMl by one aliite stripe, the iu>xt lea.st per- 
sist cni gas by two wbiti' st.H |>es, etc. Similarly, among the ja-isistent 
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group, the leaat persistent gas was denoted by one red stripe, the next 
least persbtent by two red stripes, etc. 



The foUon'ing tabulation shows the chemical fillings listed in the war 
and the markings employed to denote them: 



Fdliud Marking atripea 

Nottjm-ntUmi Ga$eK 

DA (dipbenylch1orai«m«) 1 white 

CG (phoflgene) 2 white 

PD (CG and DAj, 3 white 

iSemijifftitietit Gam 

PS (chbrpkTinj 1 rLd, 1 white 

XC (chlorpicrin and stannic chloride) i^ellow, 1 red, 1 white 

PG (PS and CG) 1 white, 1 red, 1 white 

Prrtittcni Gam 

BA (bromaoclone) 1 red 

CA ^roiiibeiizyl e^^-anide) 2 red 

HS (mustard gas) g 

WP (white phtitfphunjiij; 1 yellow 

FM (titanium tctnehlgride) 2 yellow 

IntxJtdiarjf 

Jm-etiJi Ary mixture 1 purple 



Sf*niiir chloride in » unoks praducviH htntt til* ydlow In ihv Hut. 



From the foregoing, it will be seen that the American marking syetem 
u'us by far the most jogieal and informative «:heme of identifying chem- 
ical fillings of any of the marking syatems used in the war. It not only 
distinguished chemical shell from other types, and the three classes of 
f^liemical fillings from each other, but it also identified each gas by a mark 
ivhich indicated to what perHistency group Che gas l>elonged and Its rela- 
tive persi.'^tency therein. The American system had the further adi'an* 
tage that if a more effective gas of any group were substituted for a lews 
f-fftx'tivc gas, no change in the marking of flie ?*hell would lie nemwarj . 
Hmy. .‘*u])po.‘^e a more effccti'i^ lacrimator were substituted for BA. If 
filly ni w ga>* ivcre less persistent than CA the ^hell mntaining it would 
voutimie to be marked iiith one red stripe* If, however, the new gns 
’Wrt' more pi^rsi.stcnt than CA, but Jess than HS, the new gas slml] 



Wfiiild be marked with two red strijies and the shell thereafter filled with 
would Ih' marked with one red strijie to denote the fact that CA wiis 
mm the least persi.'jfent gns of the persistent group. 

American System (Pott War). — The only disadvantage of the Amer- 
it un World War marking system was the number and variety <jf markings 
usid tu denote gas shell, but thiis was due to the large number of gases 
'*dih h had to i>c distinguished. Since the war the effort has been to 
f^^luci- the mimbur of standard chemical fillings to the mimmuuL To 
tid'* Mjd, [jTily one vliemicnl filling of each lyjx- is now' approved as sland- 
, . 12N 

jird, /.^?,,onc nonjwrsisteiit, one |K'miMtont gas, one irritant gas, one smoke 
imd mio hmcrnlinry filling* When a now filling is developed to a poitit 
nhere it is found to In? more effective than any of tfje existing standard 
tyiu's, it is adopted as the standard for its type and the former standard 
gro; Mic'm hecomes a substitute standard if it is desired to retain it for 
pos.4ihlc substitute use, or if imt, it is declared obsolete and drtjpped. 

A ccunparison of the present classifiention and marking system with 
(be Amevicun World War practice shows a marked simplification. While 
Ihc syrttern of stripes to d^'note typo of rhemlcal agent is retained, these 
stripes no longer distinguish degree of persistency as between gases of 
tlm same type. This U not serious, however, so long as them is but one 
gas of n\iy one typo in use, os is now contemplated* 
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CHAPTER VI 
LACRIMATORY AGENTS 

The first toxic gases employed in the World War were the lacrimatom, 
I.S., aul^stancea having a specific action on the eyes and producing a 
copious flow of tears and temporary blindness* In the concentrations 
used in battle, neither the eyeball nor the optic nerve was iiijun^l and 
only in rare cases (as when a soldier was so near a shell burst as to iiave 
the liquid chemical splashed in his eyes) was any corneal injury experi- 
enced* In fact, so transitory was the effect of these early laerimatory 
gases tiiat no one, at the time of their introduction, appeared to regard 
them as toxic gases coming within the prohibitions of the Hague Con- 
ventions of 1809 and 1007. As a matter of fact, however, most of the 
World War locrimatora were equally as toxic as many of the letlial gases 
used. For a comiiarison of the relative toxietties of the lacrimatory and 
lethal gases see the tables on pages 14 and 16- 

Perhaps the reason why no protest was made over the initial use of 
lacrimatory gases was that, in the low concentrations ordinarily encoun- 
tered in the optm, temporary lacrimation was the only effect produced, 
and no one regarded these substances as militarily effective. However, 
when these gases were employed against enchased places, such as field 
fortifications, deep trenches, dugouts, etc., where tlieir vapors t-uuld 
accumulate, toxic concentrations could be built up and serious casualties 
result* Since toxic concentrations could thus be produced in battle, 
it is dear that most of the World War lacriipators were in fai:t toxic gases 
and did come within the prohibitions of the Hague Conventions* 

The principal lacrimators employed in the late war, in the order of 
their introduction are shown in the table on page 130. 

As will be noted in the table, the lacrimators fall naturally into two 
groups: (1) ^mpU lacrimators, which in ordinary field concentrations 
affect the eyes only; and (2) toxic laoriniators, which in ordinary field 
concentrations not only affect the eyes but also exert certain toxic 
effects against other parts of the body. All the toxic lacrimators, in 
addition to their lacrimatory action, are also lung injurants. Li the 
cases of chtorpicrin and pbenylcarhylamine chloride, their lung-injurtuit 
effects are so much more pronount^d than their lacrimatory effw^ts 
that they are usually classed as tung-injurant agents (sea Chap* VII)* 
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Bimpls lEQTimatan 



Ethylhniiucetat** Frao^h Auemt, IflU 

^lyl bromida Germuu j Jommty, 1915 

Boniyl bnunide Oemiaot | Honh, 1915 
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Brvniincthykthyl ketone 


Germans 


July, 1915 


Ethyliodo^tate 


British 


September, 191 fl 


Henzvl iodide 


French 


November, 1916 


Brombeniyl cyanide 


French 


July, 191S 


ChlDracetophenone 


American* 


Fbetwar 



Toxic iRcrimfltora 





French 


November, 1914 




Germans 


July, 1916 
August, 1916 




1 French 


Acrolein 


French 


January, I9ltt 


Ohk>rptc ri ti * 


Kussiana 


August^ 1016 


Fheny Icarhy Imti i n-ft ^hlnirifle* 


Gcrmana 


May, 1917 





■ Ftiiurfly Innc injunnti^ 

GROUP CHARACTERISTICS 

The lacriroatons^ &s a group, have certain. wHl-defined propertiw in 
common, the most important of which are the following: 

1. They all have the jxrti'er to irritate certain ti«uca only, the eyen, and 
without producine noticeable lecione; their action is thus both elective and revemhle 
since they affect only one organ, and the irritation produced quickly dieappcain, 

2. Their threahold of actiou ie low, i.e., thej" ate effective in extremely low con- 
centrations, such aa a few thousandths of a milligram per liter, and can prodiioc an 
intolerable atmosphere in concentrations as low as one>-thousandth of that rniuired 
for the moat effective lethal agents. 

3. They are quick actiug, producing almost infitantaneou* physioU^ical effect* 

(in Icsa than 1 minute) in the form of a muaeuler reaction of the cktting the 

eyes, and a glandular reaction from the lacrimatorj' glatida, producing n cckpiuiiH flow 
of tears- 

4. Chemically they are very cloeely related, being formed by a rentral atom of 
carbon, carrying a halogen and one or sc^'cral negative groupe in which the hydrogen 
atoms are readily displaced. Hedcrer and Istin (16), quoting ProfeuBor Job, giTi'O the 
following type formulas which explain the chemical relationalups of the laenmatm 
to each other: 

(Cl (chloride) 

Hf=C:;— — ™ (bromide) 

( 1 (ii^ide) 

(beniyl) 
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! Ui (chbr-) 

Br <brom-) 

I God-) 

— CHi (acetone) 

l> Cl (chlor*) 

OO— C»Hi (acetophenone) 

5. Physically, the lacrimaton are, in general, Liquid* of relatively high boiling 
iminiH and low vapor pressures^ They are, therefore, eseentially nonvolatile sub- 
!«taiices that form pcniLstent gasea. 

Silloe all the lat^rimatora are practically insoluble in M^ater, although 
readily soluble in fats and organic solvents, on coming in contact t^ith the 
moist surfaces of the eyeball and conjunctiva, they are not diluted by the 
moiKture encountered but are rapidly alMsorbcd by the epithelial surfaces. 
The effect upon the sensitive nerves at once produces an irritation that 
pa-MSRs rapidly from a slight tingling wnsation to an intolerable smarting 
and terminates iu a muscular reaction, closure of the eyelids, and a secre- 
tion of tears. The reflex action of closing the eyelids and the profuse 
secretion of tears produces a suspension of vision which, however, usuaUy 
persists but a few minutes after termination of the exposure to the lacri- 
matory atmosphere, and rarely produces any pathological lesion or 
injurious aftereffects. 

A marked peculiarity of the lacrimators as a group is their relative 
ineffectiveness against animals. Thus H was noted early in the war that 
concentrations which caused profuse lacrimation in men produced no 
visible effect upon horses and mules. FVom careful tests, using bromben- 
zy\ cyanide as the agent, it was found that it w-aa necessary to use a 
solution 100 times an strong to lacrimate a dog and 1,000 times as strong 
to lacrimate a horse to the same degree as a man. The reason for this 
great difference m the sensitiveness to lacrimation between men and 
animals h&a never been satisfactorily explained, though the fact is well 



e^itabiished by tests and war experience. 

.Although lacrimators were used throughout the World War, their 
employment was more and more limited as other more powerful ganein 
were intr<xincod. During the whole period of the war, about 6,000 tons 
of iaiTimntors were used in battle. This was less than 5 per cent of the 
total tonnage of toxic gases used. However^ owing to their effectiveness 
in extremely low concentrations, forcing troops to mask, with its attend- 
ant dUadvant^s, lacrimators em^ed a useful purpose in the war. Also, 
owing to tiieir total lack of permanent injury, lacrimators are well 
adapted for controlling mobs and suppressing domestic dbturbancee; 
they have been used in increasing amounts for this purpose since the 
World War. 

As the later lacrimators are far more powerful than their earlier 
predecessors, they are of the greatest interest, particularly, as to the 
future. However, in order to trace the development of the lacrima- 
tors as a group and to compare the properties of each mth the othew, 
a brief description will be given of each in the chronolopcal order of it« 
introduction, 

Ethylbromacetate (CHiBrCOOCiHi) 

The first combat gas a^ed in the war was tihylbromacetqUt which was 
employed by the French in rifle grenades aa early as August, 1914. In 
November, 1914, owing to a shortage of bromine from which brominated 
compounds could be made, chloracetone waa substituted as a filling in 
the French gas grenades {!). 

Ethyl brom acetate wa.s first prepared by Perkin and Duppa in 1858 
by heating bromacetic acid and alcohol in sealed tubes. The compound 
was thus known long before the World War and was used in many ways 
in industry in the manufacture of other chemical substances. Its highly 
irritant effect upon the eyoa was also well known to chemists. This 
property and the fact that it is easily manufactured and handled were 
perhaps the reasons for its employment in 1912 as a filling for hand bombs 
by the Paris police for temporarily disabling criminals and facilitating 
their arrest. The success attained by the French police in suppressing 
lawless gangs with this gas undoubtedly led to adoption by the French 
Army as a filling for 26-mm. rifle grenades. 

According to German authorar the French had actually manu- 
factured a quantity of these gas-rifle grenades before the outbreak of 
the World War, and 30,000 were taken into the field by the French Army 
in August, 191'4, and used during that summer. The French deny this 
and assert that the hand bombs filled with ethylbromacetate were used 
for police purposes only. However, regardless of whether or not 
the French actually manufactured rifle gas grenades prior to the World 
War, they certainly appear to have been employed by the French Army 
during the first months of the war, and the chemical filling ueed was 
ethylbromacetate . 

According to Mueller^ ethylbromacetate is prepared by the brom- 
ination of acetic acid in the presence of red phosphorus and the subse- 
qpent esterification with alcohol of the bromacetic acid obtained. 

It is a transparent liquid of 1.5 specific gravity, which boils without 
decomposition at <334.4*F.), and does not react with iron. It is 

almost insoluble in water and is only slowly hydrolysed thereby. 

Ethylbromacetate is very irritating to the eyes and nasal passages, 
causing lacrimation in concentrations as low as 0,003 mg. per liter. At 
0.04 mg. per liter, the concentration becomes intolerable to the eyes, and 
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a concentration of 2.30 mg. per liter is lethal on 10 minutes' exiroeurp. 
Its toxicity is, therefore, over twice that of chlorine. Its volatility 
21.00 mg. per Utor at 20“C. (flfi^F.), so that field concentrations of nearly 
ten times the lethal dose are practicable. 

On account of the scarcity of bromine, ethylbromacetate was ditt- 
pUced by chloracetone in November, 1914, and was not used ther^ter. 
Its use was, therefore, very limited and, aside from the fact that it waji 
the first combat used in the World War, this compound was not 
important. 

ChloraGatoiia <CH^OCHiiCl) 

French; '*Tonite'* 
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Chloracetone introduced by the Frenrh in No\'ember^ 1914, as a 
substitute for ethylbromacetate in hand and riJle gas grenades* It is 
obtained by the direct chlorination of acetone and is a clear liquid, of 
1.15 specific gravity, which, boils at 119X. (246*2'’F*), yielding a vapor 
3*7 times heavier than air* Chtoracetone is only slightly soluble in 

water and is not decomposed thereby. It tends, however, to polymerize 
into a relatively inert form on long storage. 

It has a pungent odor like that of hydrochloric add and lacrimates 
the eyes (conjunctiva) in concentrations as low as 0.018 mg, per liter. A 
concentration of 0. 10 mg* per liter is intolerable after 1 minute of exposure, 
and a concentration of 2.30 mg* per liter is lethai on 10 minutes^ exposure* 
It is, therefore, about as toxic as ethylbromacetate. However, it is much 
more volatile so that its ordinary field concentrations are much higher 
than those of ethylbromacetate. 

Because charcoal readily absorbs chloracetone and therefore even 
the early gas masks afforded adequate protection against it and because 
bromacetone proved to be a better tear gas, chloracetone was displaced 
in 1915 by bromacetone and other more powerful lacrimators then 
introduced. A relatively small amount of chloracetone was used in the 
war, and it played but a minor role in the early stages of gas warfare* 

Xyiyl Bromide (C0I|CH,CH,BR) 

German; “T*Stoff^* 

In the early experiments with various chemical compounds, in an 
effort to produce more powerful lacrimators, the Germans found that, in 
general, the bromine derivatives were far more effective than the corre- 
sponding chlorine compounds; as there was then no shortage of bromine 
in Germany (as in France and England), the German chemists proceeded 
to develop for chemical warfare a series of bromine compounds of which 
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xylyl bromide was the first. The first use of this gas in battle was in 
artillery shells fired against the Russians at Bolimow on Jan. 31, 1915, 
and its firwt employment on the Western FYont was against the British 
at Nieuport in March, 1915. The firing of these shells against the 
Russians not only constituted the first use of gas in artillery shell* but 
was also the first use of gas In a major operation in the World War, ante- 
datiiig, as it does, the celebrated cloud-gas attack at Ypres in April, 1915, 
by three months, 

• Strictly apeaking, the fiintt Germwi gas used in the World War wu chlomdfate 
itf orthD-dianisidin, a powder which was filled between the lead balls of the l0*6-mTD. 
ahiapoel. However, only one trial lot of these ahell waa used on Oct. 27, 1914, at 
Neuve-Chapelle and, as the success obtained was not luffident to warrant further 
use of this material, it was abaadosed. 

Xylyl bromide is prepared by the direct brominatiou of xyh'ue and 
consists of a mixture of the three isomeric substitution products of the 
ortho-, meta-p and para-xylene present. When pure, the jQrlyl bromides 
are light yellow slightly viscous liquids, while tlie xylylene bromides are 
solids* Crude xylyl bromide consisted of a mixture of xylyl and 3cylylene 
bromides and, as used in gas warfare, was a black liquid, of 1.4 specific 
gravity, which boils at from 210® to 220®C. <410® to 428“F*), yielding a 
pungent aromatic vapor, 8*6 times heavier than air, with an odor resemb- 
ling lilacs* As it corrodes iron and steel very rapidly, 3^1yl bromide had 
to be loaded into lead containers which were in turn placed in the shell. 
La.ter in the war, lead and enamel hnings were developed which success- 
fully protected the shell from corrosion and made the inner lead eontain- 
ers unnecessary. 

Xyiyl bromide is an extraordinarily powerful irritant to the eyes 
(conjunctiva)* It can be detected by sensitive individuals in concentra- 
tions as low as 0.00027 mg. per liter, whereas its laerimatory concentra- 
tion is 0,0018 mg. per liter. A concentration of 0.015 mg* per liter is 
intolerable after 1 minute, and a concentration of 5.60 mg. per liter is 
lethal on 10 minutes' exposure. Hence while xylyl bromide is a much 
stronger laerimator, its toxicity is only half that of ethylbromacetate. 

On account of its low volatility (0.60 mg* per liter at 68“F.), xylyl 
bromide was not very effective at low temperatures, and it was also 
veiy readily absorbed by the charcoal in gaa-mask canbtere, so that 
mask.-^ furnished adequate protection against it. Owing to these facts 



and its corrosive properties, it was replaced in 1917 by more volatile 
and powerful substances. However, xylyl bromide pla3red an important 
role in the history of gas warfare* About 500 tons of T-Stoff were fin^d 
by the Germans and, while no serious casualties w'cre produced thereby, 
this gas first showed the tactical importance of gas shell and paved the 
way for the more effective gas. ahell which followed. 
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Benzyl Bromide (CiHjiCH,Br) 

German: T-Stoff; French: **Cyclite” 

The second bromine compound introduced by the Germans wan 
benzyl bromide. It was first used by them at Verdun in March, 1915, 
in an effort to obtain a more volatile substance than xylyl bromide, but 
the improvement was not marked for, while benzyl bromide is somewhat 
more volatile, it is less irritating than xylyl bromide* The French also 
later used this compound under the name of “Cyclite." 

Benzyl bromide is prepared by the direct bromination of toluene in 
the same way as xylyl bromide is obtained from xylene. In its pure 
.state, btmzyl bromide is a transparent liquid, with a specific gravity of 
1.44, which boils at 201°C. (393. 8®F*), yielding vapor 6*0 times heavier 
than air and with a pleasant aromatic odor resembling water cress* It 
is insoluble in water and is only very slowly decomposed thereby. Its 
great chemical stability, low vapor pressure, 2.0 mm. Hg at 20“C. 
(68“F.), and low volatility, 2.4 mg. per liter at 20X. (68®F*), assures its 
liersistence on the terrain. 

While benzyl bromide is a decided eye irritant, its effect is not nearly 
f^o great as that of xylyl bromide. Thus, a concentration of 0.004 mg. 
per liter is required to produce any irritation at all, and the concentration 
does not become intolerable until it attains 0.06 mg* per liter* In higher 
concent ratiom^, it also produces much irritation of the nose, throat, and 
air passages nith salivation and nausea. Its lethal concentration for 
10 minutes’ exposure is 4*60 mg* per liter, as compared to 5.60 mg. per 
liter for xylyl bromide* 

Like other bromide compounds, benzyl bromide corrodes iron and 
4eel and must, therefore, be kept in lead- or enamel-lined containers, 
ft was used in battle in small quantities for a short time because its 
irritant power was much less than that of other compounds, and its basitf 
component — toluene — waa more urgently needed for the manufacture of 
high explosives. For these reasons, and the fact that charcoal thor- 
oughly absorbs its vapors, it b unlikely that benzyl bromide will ever be 
u.sed again as a chemical agent. 

Bromacetone (CH^GOCHtBr) 

Oerman: "B-Stoff”; French: "Martonite"; British and American: '*BA'' 

Not satisfied with the slight improvement of benzyl bromide over 
xylyl bromide, the Germans soon brought out a third bromine compound 
— broinacetone~-in an effort to solve the problem of a more easily vola- 
tilized irritant. It was also used by the French, mixed with 20 per cent 
chloracetone, under the name Martonite,” and by the British and 
Americans umler the symbol "BA*'^ This compound was the meet 
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^videly employed of any of the pure lacrimators, more than 1,000 tons 
being fired in projectiles alone, not to mention use in other weapons such 
as hand and rifle grenades. Bromacetone is the bromine compounrl 
which corresponds to chloracetone and Ls produced in a similar manner, 
f*e*, by the direct bromination of acetone. It is a colorless liquid, of 
1.6 specific gravity, which boils at 135"C. (275®F.), yielding a vapor 4*7 
times heavier than air. On long standing, bromacetone decomposer, 
gradually changing to a black resinous mass, during which proceas 
hydrobromic acid is released* Although bromacetone ia not soluble in 
and is not decomposed by veater, it is nevertheless a rather unstable 
compound, as it decomposes even in its purest form, particularly under 
the iufiuence of heat and light. 

Bromacetone was one of the most effective lacrimators used in the 
war. It produces an irritating effect upon the eyes in concentrations 
as low as 0*6015 mg. per liter while, a concentration of 0.010 mg. per liter 
is intolerable, and a concentration of 3*20 mg. per liter is lethal on 10 
minutes' exposure. The toxicity of bromacetone is thus intermediate, 
lietween that of ethylbromacetate (2.30 mg. per liter) and xylyl bromide 




POOR MAN’S JAMES BOND Vol . 2 



211 



CHEMICALS IN WAR 



(5.60 mg. per liter). 

At 20*C. (68^F.)^ the vapor pressure of bromacetoue b 9 mm. Hg and 
its voiatiUty 75,0 mg. per liter. Owing to its relatively high volatility, 
toxic concentrations of bromacetone w-ere often encountered in the field, 
so that, in addition to its laerimatory powder, this compound is classed as 
a toidc lacrimator. Moreover, liquid bromacetone, on contact w^th skin, 
produces blbters which, although they heal rapidly, are extremely pain- 
ful on the scnsitii’e parts of the body. 

In the late war, bromacetone w/u5 used by the Germans in artillery 
(Green X) shells and trench-mortar bombs (B-Minen) for only a short 
time, owing largely to the ever-increasing demand for acetone for other 
purposes. The British also used it for a short time until it waa replaced 
by more effective iodine compounds. In the mixture Martonite {80 per 
cent bromacetone and 20 per cent chlonicetone), it waa used by the 
French and Americans throughout the war, although it waa rapidly 
being displaced toivard the end of the war by the more powerful com- 
pound, brombenzylcyanide, introduced by the French in the summed of 
1918, 

Brommetbylethyl Ketone (CH^CO.CH.Br.CHs) 

German: “Bn-Stoff”; French: '^Homomartomte” 

By the summer of 1915, the demand for acetone as a solvent for 
nitrocellulose in the manufacture of powder and dopes for airplane fabrics 
Ijecame so great that both sides began to look for aubstitutee for bromace- 
tone, with the result that in July, 1915, the Germans introduced brom- 
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methylethyl ketone (Bn-Stoff), while the French followed w ith a mixture of 
brommethyiethyl ketone and chlormethylethyl ketone, under the nnm#^ 
Homomartonite,'" so called becau.se of its great similarity to Martonite 
(80 per cent bromacetone and 20 per cent chloracetone) in chemical 
i*omposition and physiological action. 

Methylethyl ketone is present in large quantities in the “acetone oib,” 
which are by-products in the manufacture of acetone from wood, and, if 
this compound is brominated in a way similar to acetone, brotnmethyl- 
ethyl ketone is obtained. Wheti freshly distilled, it is a faintly yellow- 
liquid, insoluble in of 1.43 spet-ific gravity, and boils with some 

decomposition at 145“C. (293“F.), yielding a vapor 5.2 times heavier 
than air. 

The I'apor preiisure of brommethylethyl ketone is 15,0 mm. Hg at 
14“C. (57.2‘^F.), while its volatility at 20"C. (68®T.) is 34.0 mg, pt^r liter. 
It is thus IcHK persistent than xylyl bromide. Like ail bromine com- 
pounds, it corrodes iron and steel and requires lead- or enamel-lined 
receptacles for storage. 

Brommethylethyl ketone is a powerful lacrimatorj being more pow'er- 
ful than benzyl bromide end only slightly less povrerful than bromacetone, 
w'hich it resembles to an extraordinary degree in its other properties. 
Thus, its minimum lacrimatoiyr concentration is 0.0126 mg, per liter, 
while a concentration of 0.016 mg. per liter is intolerable and a concen- 
tration of 2.00 mg. per liter is lethal on 10 minutes' exposure. Owing to 
its high toxicity and volatility, toxic concentrations of. brommethylethyl 
ketone may readily be produced in the field; -for this reason this compound 
is classed as a toxic lacHmator. 

On the whole, brommethylethyl ketone was not so effective a war ga.'< 
AS bromacetone, and its substitution for bromacetone w-as solely for 
economic reasons relating to the shortage of acetone, 

lodoacetone (CHjCOCHil) 

French: “Bretonite” 

The scarcity of bromine caused the French and British to turn tci thi- 
iodine compounds corresponding to the bromine compounds in use by thi’ 
Germane, with the result that during the latter part of 1915 three such 
iodine compounds — iodoacetone, ethyliodoacetate, and benzyl Iodide — 
made their appearance in the war. These substances were, on the whole, 
"omewhat superior in irritant and toodc effects, but less stable than the 
corresponding bromine compounds. 

The first of the iodine compounds to n^ake its appearaiice waa iodo- 
acetoDe which was introduced by the French in August, 1915, as a filling 
for artillery shell. 
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lodoacetone U prepared by treating chloracetone with sodium or 
potassium iodide in aicoholic solution. . When first prepared, it is a 
clear faintly yellow liquid, with a specific gravity of L8, which boils nt 
102®C, (215,6*F.) and turns brown on contact with the air. lodoacetone 
decomposes on heating more easily than bromacetone and is converted 
on standing about one week into symmetrical diiudoacetoue. It.s vapor 
possesses a very pronounced pungency and is of about the sjmic Ucri- 
matory strength as brommetiiyleChyl ketone (0.120 mg, (xt liter), hut i.s 
more toxic than any of the halogenated ketones. 

lodoacetone was used only a short time^ by tJ« French, being supt^r- 
seded toward the end of 1915 by benzyl iodide. The British manufat*- 
tured some ioduacetone but do not appear to ha\"e used it in the field, 
preferring the more poxverful etliyliod<mcetate. 

Ethyliodoacetate (GHjICl^OC^Hj) 

British: “SK'’ 

This compoupd was introduced by the British at the battle of Loos, 
Sept. 24, 1915, as a filling for 4.2-in. ho^vitzer shell. It was later als<» 
us^ in 4^in. Stokea^mortar bombs and gas grenades and was the British 
.starwlard lacrimattr throughout the war. 

Like iodoacetone, ethyliodoacetate is obtained by the double decom- 
position of the corresponding chlorine compound (ethylchloracetate) 
with potassium iodide in alcoholic solution. It is a colorless oily liquid, 
of specific gravity 1.8, which boils at 180*C. (350 ®F.) and quickly turns 
brown in the air, liberating iodine. At 20^C. (68“F.), its vapor pressure 
is 0.54 mm. Hg, and its volatility is 3.1 mg. per liter. It is snmew'hat 
more stable than iodoacetone, but is still quite easily decomposed. 
Unlike the bromine compounds, it does not attack iron and may, there- 
fore, be loaded into projectiles without any protective lining. 

Ethyliodoacetate is extremely irritant and lacrimatory and is moder- 
ately toxic as well. Its lowest lacrimatory concentration is 0.0014 mg. 
per liter; the intolerable concentration is 0.015 mg. p<?r liter; a com-cn- 
tration of 1.5 mg. per liter is toxic on 10 minutes' exposure. It is, thc^rc^ 
fore, more irritant, lacrimatory, and toxic than any of the lacrimat^^t>l 
previously employed in the war. While its toxicity is about one-third 
that of phosgene, its volatility is very low, and for that reason lethal 
concentrations were not encountered in the field. To increase its vola- 
tility, it was usually diluted with alcohol before filling into projectilefi. 

While ethyliodoacetate was one of the most powerful laerimators used 
in the war, the British were forced to adopt it because of a shortage of 
bromine and the fact that they then had access to large supplies of iodine 
from South America. At the present time, the price and scarcity of 
iodine make the future use of this compound as a chemical agent undesir- 
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able, particularly since other even more powerful laenmators are now 
available. 

Benzyl Iodide (CtHiCHiI) 

French; “Fraissite" 

Thix substnaiu^ was the last of the three iodine compounds used oh 
rhc*mical agents in the war. It was introduced by the French in Novem- 
IxT, 1915, Ui n^plm'e iodoacetone, on account of the shortage of acetone, 
and was intended to serve the same purpose as benzyl bromide used by 
the Germans. 

Benzyl iodide is obtained by the double decomposition of benzyl 
chloride with potassium iodide in alcoholic solution. It is a white 
crystalline solid which melts at 24*C. (75®F.) and boils with complete 
decomposition at 226®C. (438'^F.). Its specific gravity is 1.7; it in insolu- 
ble in water and ha» a marked ability to undergo double decomposition 
on storage. 

As a lacrimator, benzyl iodide has about twice the power of benzyl 
bromide. . Thus, its lowest irritant concentration U 0.602 mg, per liter; 
its intolerable concentration is 0,03 mg. per liter; its lethal concentration 
is 3.00 mg. per liter on 10 minutes' exposure. However, its volatility 
(1,2 mg. per liter at 20*C.) is only half that of benzyl bromide, and for 
that reason it was usually employed in the field in the form of a 50-50 
mixture with benzyl chloride. under the name “Fraissite." 
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While benzyl iodide was an improvement over iodoacetone, it was 
osed for only a short time and was displaced early in 1916 by acrolein. 
Except for ethyl iodoacetate, the iodine compounds were used only in 
very small quantities and for a short time by the Allies as a temporary 
ineasim', owing to the M^arcity of bromine, and were soon displaced by 
other more efft'^tive substances. 

Acrolein (CHtCHCHO) 

French: "Papite" 

Acrolein was introduced by the French in January, 1916, as a filline 
for grenades and artillery :ihell, in an effort to (obtain an effertivc 
la< rimator which did not require bromine or acetone for its manufacture. 
Aci'olein i:^ obtaijicd by the dehydration of glycerine, by di.stilling it in 
the presence of potassium bisulfate or crystalliaed inaKnesimn sulfate? 
as a catalyst. 

When freshly prepared, acrolein is a clear liquid of greenbh yellow 
t^oior and pungent odor, with a specific gravity of 0.84 at 15“C. It boils 
id 52^C. (125.fi“F,), yielding a hght vapor only 1.9 times heavier than 
!»ir, is very unstable, and h easily oxidized into acrylic add. Even when 
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protected from the air, acrolein gradually polymerizes into disacryl or 
acrolein gum, an inactive gelatinous substance which has nouo of tlie 
physiological powers of acrolein. 

In order to prevent poiymenaation, the French added about o per cent 
:imyl nitrute as a stabilizer. While this feuded to prevent polymeHsa- 
I ion into disacryl, it did not prevent the formation of acrolein gum, so that 
it was lujt very pffc<"tive. 

Acrolein i.s a fairly powerful Incrimator and respiratory irritant, 
the effects on the eye.-^ and throat occurring simultaneously. In higher 
concentrations, it is also a lung-injurant toxic gas. In concentrations 
asi low as 0.007 mg. per liter, aendein laminates and greatly irritates the 
conjunctiva and the mucous membranes of the respiratory organs. At 
0,05 mg. per liter, it hmunes intolerable, while a concentration of 0.35 mg. 
per liter Is lethal on 10 minutes' exposure. Because of Sts toxic prop- 
erties, acrolein is classed iis a toxic lucrimator. On account of its great 
lack of chemical stability, acrolein was not a successful chemical agent 
in the World War and can never play an in'iportant role in chemical 
warfare. 

Chlonricrin (CCl,NOj) 

French: Aquinite ; German: " Klop British and American: “PS" and 

“NC" 

Chlorpicrin lacrimates in concentrations as low as 0,002 mg. per liter. 
A concentration of 0,05 mg. per liter is intolerable, and 2,00 mg. per liter 
is lethal on 10 minute,^^ exposure, Chlorpicrin is thus both a lacrimatory 
and lung-iiijurant toxic gas, but, as its lung-injurant effects are so mucli 
more pronounced than it.s lacrimatory effects, it is usually considered ajs 
a lung-injurant gas and is so regarded here (see Chap, VII), 

Phenylcarbylamine Chloride (CiH5CNCl3) 

This compound is both a lacrimator and a lung injurant. Its mini- 
mum lacrimatory concentration is 0.003 mg. per liter, which makes it 
intermediate between benzyl bromide (0.004 mg. per liter) and benzyl 
iodide (0.002 mg. per liter). At 0.025 mg. per liter it is intolerable for 
more than 1 minute, while 0.05 mg. per liter h lethal on 10 minutes' 
exposure. As its toxic properties are so much more important than ibi 
laerimatory power, it i.'? generally regarded as a lung-injurant agent and 
is so treated in Chap. \''II. 

Brombenzyl Cyaiude (CaHiCHBrCN) 

French: "Canute"; American: "CA" 

Brombenzyl cyanide was the last and most powerful lacrimator used 
in the World War, It was introduced by the French in July, 1918, as the 
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nomination of their efforts to produce more powerful and effeetiix* lacrl- 
mators. It was also simultaneously adopted by the Americans as their 
standard lacrimator and manufactured in the United States in the fall of 
1918. 



Brombenzyl cyanide was first prepared by Riener in 1881 by brom- 
inatingpheiiyl cyanide, and its manufacture in Industry was commeneefl in 
1914, Industrially, brombenzyl cyanide is prepared in three stejis, 
follo^vs: (1) chlorination of toluene to form benzyl chloride; (2) the con- 
version of benzyl chloride to benzyl ejranide by the action of sodium 
cyaiiide in aleoliolie solution; (3) the bromination of the benzyl cyanide 
\rith bromine vapor in the presence of sunlight. 

In its pure state, brombenzyl cyanide h a yellow-white crystalline 
solid which melts at 25^C. (77T,) into a bro^\-nish oily liquid of 1.47 
specific gravity, and boils at 225°C. (437*^.), After a slight initial 
decomposition upon exposure to air, the compound is chemically fairly 
stable at ordinary temperatures, although it slowly decomposes in storage. 
When heated above 150“C. (302®F.) it decomposes very rapidly. It is 
Mjluble in water, which deeompofles it only very gradually. It is also 
very soluble in phosgene, chlorpicrin, and benzyl cyanide. Its vapor pres- 
sure is 0.012 mm, Hg at 20*C. (68°F.), and its volatility bi 0.13 mg, per 
liter at the same temperature. Its persistency in the open is three days; 
in wood.H, seven days; and in the ground, from 15 to 30 days. Like most 
compounds containing bromine, brombenzyl cyanide corrodes iron and 
steel and can be kept only In glass-, porcelain-, enamel-lined containers. 

This substance has an odor like soured fruit and produces a burning 
sensation of the mucous membranes and severe irritation and lacrimation 
of the eyes with acute pain in the forehead. As a lacrimator it is seven 
times ae powerful as bromacetone. Thus, brombenzyl cyanide can be 
detected m concentrations as low as 1:100,000,000 (0.000087 mg. per 
Kter); it has an irritating effect on the eyes in concentrations of 0,0IX)15 
mg. per liter and it produces lacrimation in concentrations of 0.0003 mg. 
per liter. A concentration of O.OOOS mg, per liter produces an intolerable 
irritation, and a concentration of 0.90 mg, per liter is lethal on 30 minutes' 
exposure. It is thus less toxic than phosgene and, owing to its low vola- 
tility, toxic concentration cannot be realized in the field. 

While brombenzyl cyanide was by far the most powerful lacrimator 
used in the war, it has three very serious defects: (I) it corrodes iron 
and steel, requiring specially lined containers; (2), it is not chemically 
stable, but slowly decomposes in storage; (3), its great sensitiveness to 
heat makes its use in artillery shell very difficult. If the bursting charge 
is not kept very small, it causes loss of the chemical filling through 
decomposition on explosion. An additional disadvantage might alsr> 
be found in its rather extreme persistency in the soil. 
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From a tactical standpoint, therefore, brombenzyl cyanide seems quite 
limited in its possibilities in the future. 

Chloracetophenone (CaHjCOCH^CI) 
x\merican: "CN" 

BiM'Uuse of the difficulties attending the iinv of bromlxuizyl ryajiiiU*, 
the Americans toward the end of the war began to investigate the propi^r- 
tieji of chloracetophenone as a combat gas. This compound wim dis- 
<^vered in 1869 by the German chemist, Graebe, who desc-ribed the 
powerful effects of its vapors upon the eyes. Owing to the short time 
it was under study in the war and the difficulty of its manufactun», no 
chloracetophenone was used in the World War. Shortly after the war, 
however, American investigators became coiivinred of its superiority as a 
tear gas and worked out a satisfactory process of manufacture. This 
process consists of the foUow'ing steps: 

1. Chlorination of acetic acid to obtain monnchloracefic acid, accord- 
ing to the equation 

CH,eOOH + Cl, CHiClCOOH + HCl 

2. The chlorination of this compound aith sulfur monoehloride and 
chlorine to obtain chloracetyl chloride according to the equation 

4 CH 3 CIGOOH -I- S,C1, + 3a, "t 4CH,C1C0C1 -h 2SO, + 4HQ 

3. Treatment of chloracetyl chloride with benzene itk the presence 
of anhydrous aluminum chloride, according to the equation 



CHiCicoci + c,H,-^cji*conH,ri -b hci 
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Chart VIIL 

UnJike the lacrimators used in the late war, Hiloraretophenone is a 
solid, and remarkably resistant to heat and moisture. It does not eor- 
rode metals, including iron and steel, so it may be loaded direct into 
shell, either by casting or pressing, without danger to "the workmen 
handling it. 

When pure, it conaista of colorless crystals, of 1.3 specific gravity f 
which melt at 59“C. {138*^.) apd boil at 247“C. (476^F.), yielding ft 
vapor which in low concentrations has an odor resembling apple blos- 
somy. At 20"C. (68^F.) its vapor pressure is very low (0.013 mm. Hg) 
and its volatility la 0-106 ipg. per liter. 

Cbloracetophenone is only slightly soluble in water and is not decom- 
posed thereby. It is not decomposed by boiling and may therefore be 
distilled and poured into shells in the molten state, which greatly faciii'^ 
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t.stes loading into munitiona. It is not affected by exploeion of high 
exploeivea and may even be mixed with same in shell. 

In lacrimatory power, cbloracetophenone b about equal to brom- 
ben^l cyanide. Thus, it produces lacrimation in concentrations as 
low as 0.0003 mg, per liter while a concentration of Q. 0045 mg. per litei' 
is intolerable and a concentration of 0.85 mg. per liter is leth^ on 10 min* 
utee^ exposure. 




dichtoride; and (3) CXS, consisting of CN, chloroform, and chlorpicrin. 

( )n account of its low volatility, chloracetophenone usually exists in a 
gaseous form, but in high concentrations at low temperatures it may 
exiiit in the form of smoke (solid particules). In this form, it does not 
react ftith the charcoid in the gas-mask canbter and for that reason can- 
isters must be pro\dded with a mechanical smoke filter in order to inaure 
adequate protection against it- 

Aside from its combat uye, this substance Is excellently suited for 
use as a training g^ for training troops in chemical warfare. It U abo 
of great vaJue in suppressing mobs and internal disorders, as it is safely 
and easily handled and is not likely to prove injurious to persons who 
come in contact with it. 

COB£PASATIV£ STRRNQTH 07 LACR1KATOR3 

The aggressive power of a lacrimator is a function of its specific 
lacrimatory power, expressed as the minimum concentration required 
to produce lacrimation, and its volatility at ordinary temperaturett 
(68®F.). On this basis, the lacrimators described above are arranged 
below in the descending order of their aggressive powers. 



Agiffit 


Minimum bcHmatory 1 
coEteentration (thmh- 
otd of Action^, mg. per 
litter 


VoliitiJity, 
20“C. tes'F-), 
mg. per liter 


Brombonflyl cysnida 


0,00015 


0.1800 


ChlorseetopheilDtu! i 


0.0003 1 


1 0.1000 


EthyliodoMetftte .! 


0.0014 


3.1000 


Broinarctoiifl ! 


0.0015 


75.0000 


Xylylbfomjdft.,., i 


0 0018 


D.6000 


Chlorpitrip ' 


0.0000 


1(15.0000 


Beniyl iodide 


0.0000 


0.0012 


EthylbmmuutAte 


0.0030 


21-0000 


PbflnylcuhyUniine chloddu . . | 


0.0030 


2.1000 


BcEuyl broinidc. 


0.0040 


0.0024 


Acralein 


0.0070 


20.0000 


Bnmmethylcthyl ketone 


0.0126 


34 0000 


Chloiscetaiie 


0.0180 


0 1200 


lodaoeLone. . . . . t 


0.0120 


0.0081 


Toxicirr 
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or 14 CBIMATOSS 





The toxicity of the World War lacrimators has been previously 
mentioned in Chap. I. The following table shows their relative toxicity 
on the haaiA of 10 minutes^ exposure: 

Mininjum L^hsl 
ODaeeutntion^ 

Agent. , Mg. per Lrtrr 



CsaBT VIll. — 4f rhlani(vto|;})Hri(in« (ftow abHt). 

In addition to its la<;rimatory effect, chloracetopheuone is a decided 
irritant to the upper respiratory passages; in higher concentrations, it 
iK irritating to the skin, producing a burning and itching sensation, 
f^specially on moist parts of the body. These effects are very siinilar to 
sunburn, are entirely harmlcM, and disappear in a few hours. 

Although chJoracetophenone can be effectively dispersed by explosion. 
It U very much more effective when it is distilled into the air by the beat 
of a burning composition. A very efficient dispersion results when one 
port of cbloracetophenone is intimately mixed with three parts of small- 
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grained smokeless powder and the niixturc burned withoiu explosion. 
Such a progrew(ive buming mixture can be succewfulfy employed in hand 
and rifle grenailes, trencli-mortar bombs, and even artillery wliHl. ThU 
mixture is quite stable in storage and has the advantage of being prac- 
tically inert on exposure to air until actually ignited. 

Cblorai'etophenone is readily soluble in organic solvents and is thus 
fi^Hiuently filled into grenades and shells os a liquid solution. Thief* 
such solutions have been used as follows:. (1) CNB, consisting of CN, 
lienaol, and carbon tetraehjoride j (2) CND, consisting of CN and ethylene 



Acrolein 


. n ax* 


BnHihbeiuyl eyaiude 


0.35 


Phenylciuin'LaEnine chloride 


0.50* 


Chloiaeetophetione ^ 


, , 0 85 


Ethyliodoncetate 


1.50* 


lodoiwetone 


1 90 


ChlorpicitD 


. . 3.00* 


Bmamethylethyl ketone 


2.00* 


Ethvtbronucetnte 


2.30* 


Chloracetotue 


2 an 


Bensyl iodide 


3.00 


Bromocctone, 


... * * 3 20* 


Beniyl bmnida ^ 


4,50 


Xylyl bromide. * * 


5.60 



In the canes of those compounds marked with an asterisk {*), their 
volatilities at 20°C- (6S*T,) exceed their minimum lethal doses, no that 
fatal concentrations of them compounds may be encountered in the field 
at ordinary temperatures. Moreover, it must be remembered that, 
even in the cases of those compounds whose volatilities are below their 
minimum lethal doses, as shown above (unmarked), a smaller concentra- 
tion over a correspondingly longer time is equally fatal, so that if these 
compounds are released in protected places, such as trenches, dugouts, 
woods, etc., where they may persist for a longer period than 10 minutes, 
they may also prove fatal. 

It is also to be noted that all the above lacrimators are much more 
toxic than chlorine, and that acrolein and brombeniyl cyanide are more 
toxic t|ian pho^eite, although the volatility of the Utter is too low to 
permit fatal concentrations in the field. 
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FUTURS OF LACRIMATORS 



WOiaO WAR LUITG mjTTItANTS 



The future role of the laerimators in war b uncertain. Their great 
advantage is the extremely small amounts required to force men to nuask 
with the attendant iutpairment of their fighting vigor. On the other 
hand^ they produce no real casualties and protection b eadly obtained, 
t^r these reasons, it seems fairly certain that laerimators will not b* 
ased in any future war between firat-dass powers, as their armies will 
he equipped with masks affording adequate protection. At the snnie 
time, tear gas is very effective against troops having no protection, and 
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for tJiat reason, will probably be used in minor warfare against poorly 
organized and semicivilized peoples. Also, tear gas will undoubtedly 
continue to be used to suppress riots and civil disturbances for which 
purpose it is eminently fitted. 

For a summary of the properties of the principal lacrimatory agents, 
see Table IV. 
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CHAPTER VII 



LUIfG-mjDRAMT AGENTS 

GROUP CHARACTfiRlSTICa 

The lung injurants were the second group of agents to make their 
appearance in the World War. They form a w’ell-defined group, having 
many properties in common, and for that reason they were designated 
by the Germaas under a single generic class — Green Crose suhsfa/iceij. In 
general, they were all liquids of relatively low boiling points aiid high 
vapor pressures. They, therefore, were volatile substances that formed 
iionpersbtent gaaes upon release from their coutainerK. Their principal 
physiological action was injury of the pulmonary system of the body. 
The main result of this injury was to cause ftuid to pass from the blood 
into the minute air sacs of the lungs and thus obstruct the supply of 
oxygen to the blood. Death from one of these substances may be com- 
pared to death by drowning, the water in which the victim drowns being 
drawn into his lungs from his own blood vessels. 

As a rule, the lung-injurant agents are lethal (deadly) in concentra* 
tions ordinarily employed in battle and have the following properties 
in common; 

1. Their threflbnkl of UHeful nction ia relatively high, vary inf; between I nnd 10 mg. 
per liter of air. 

2. They are effective on very abort exposure, usually only » few minute* are 
required to produce death or seHoua caeualtba m the concentrations generally 
employed in battle. 

3. They exert a oimilar physiological action oompriaing the following factors: 

a. Irritant effect on the mucous membranee of the retpirntory aynleni (nme, 
thrtiat, and trachea). 

Special changes (injury) in the lung thaue. 
c. Seuoiulary sequelae of these changes in the lung chiefly in the eir- 

culatory system and in the composition of the hlood gosCD. 

4. Their physiolqgieal effect is not immediate, but generally prodiieea death or 
>*erious casualties in from 1 to 3 hours after exposure. 

From both & chcmic&l and physiological viewpomt, the lung-injurant 
igenta may be divided into two distinct groups: (1) the simple lung 
Injurants, derived from chlorine; and (2) the toxic lung injurants, derived 
from arsenic. The first group acts only locally on the pulmonary system, 
^Ue the second group exerts an additional systemic poisoning effect 
hy virtue of the arsenic which they contain. 

UK 

Chlorine (Cl,) 

French: "Bertholite” 

Chlorine was the firwt gas used on an effective scale in w-ar. It H'as 
employed by the Germans against BritUh and French Colonial troops 
iLt Yproji, Belgium, on Apr. 22, 1915, when 168 tons of chlorine wen^ 
released from 3,730 cylinders on the front of 6 kilometerH. It WAH i^ffec- 
t.ivc to u di.-^tunce of 5 kilometers downwind and caused 16,000 casual- 
lies, of wliich OjOOO were fatal. 

During the war chlorine was the principal gas used for cloud-gus 
attacks. At first, when the Allies bad little or no means ol protection, 
it was a very effective weapon and caused many thousands of casualties. 



The princiiml lung-injurant agents in order of their ehronologicnl 
appearance in the World War, arc: 



, Iiitroducftl 

AgfiU j 


Date 


Simple lung iLULkraats 


ChLorliie 


GrrmatiK | .\pnl 22, 1013 

ticTitians t .Piihc^ 1015 




Ethy1^ulfur>'1 Hiloriib 

MiiiuichlyrmctJivLrhlurafurmatc. . . ^ ^ . 

Dimethyl uulfatu. 

Ptri-hU>rmethy]mcrtaptAn 


Frcitch 

OertUAnv 

Gcrmnnii 

French 

Gormans 

Gormatifi 

Russians 

Cermania 

Germans 

Gemtons 


.Inne, 1915 

.hjne IS, 1015 

AugiLst, 1915 

Septeiuhs^r, IQL5 

Dw. 19, 1015 

Mny 10, lOlti 

AtigiisT, 1916 

May, 1017 

Juimarj', 19 1& 




ChLorpkrin 




DJbromidimiithyl ether 


Toxic lung injurants 




Gormans St'ptember. 1917 

Gormans Mnr<h, 1018 

Germans SoptemlTOt^ 1913 




Phenyldibromarsitie 



Later in the war, when troops were protected with masks, the effective- 
ness of chlorine was greatly reduced. However, in mixtures with other 
gases, such as phosgene and chlorpicrin, it continued to he used through- 
out the war. 

At ordinary temperatures and pressures, chlorine is a greenish yellow 
volatile gas with a pungent odor and caustic poisonous character! sticfl. 
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It is readily liquefied by moderate presHure (6 atmospheres) at ordinary 
temperatures (TO^F.), When liquid, it has a specific gravity of 1.46 and, 
when a gas, it is 2.5 times hcavitT than air, so that when released a 
cloud it clings well to the ground as it travels downwind. One liter of 
liquid chlorine at 25^C. will yield 434 liters of chlorine gas. Sim-e 




i'hlorine boils at —33.6^. ( — 28.6*F,), it readily vaporizes at ordinary 




POOR MAN'S JAMES BOND Vol . 2 



215 



CHEMICALS IN WAR 



tmperatures and escapes with vigor from its container^ so that it is wcli 
adapted for eloud-gBa operations from cylindery^ and this was its prin- 
cipal mode of employment during the war. 

Chlorine is manufactured by the electrolysis of common salt (NaCl), 
ajt mdieatPHl on Chart IX, and is widely used in enormous quantities in 
industry. In the presence of moisture it is extraordinarily reactive. 
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attacking almost all metals and organic sulistances. This is its pnncipal 
disadvantage as a chemical ag^mt, as.it is very easily neutrnlii^. 
Although extremely soluble in water^ chlorine does not hydrolyze readily 
and, when strictly anhydrous^ it docs not attack iron and steel so that it 
may l>e kept in such containers indefinitely. 

Physiologically, chlorine is classified as a lung-injurant agent. Jt 
jilsf) causes a marki^ irritation of the <‘f>njunctiva and the mucous mem- 
branes of the nose, larjmx, and pharynx. 

Concerning the physiological effeids of chlorine upon the human l>ody, 
Gilchrist s^ays: 

Tht'^ progressive physlolo|^Knl iictiuti of eliluritii* in iimu ns well ns in miiy 

\v !<ummamctl as follows: 

1 It Stimulates the aensoiy nervei* luiU protlucra piuu tuid spasm of Uw 

muscular walls of the bronchi, thus nsnrowins their lumca imd rnnslii* a gaspmi? for 
breath The muscular spasm aoou relaxes and breathing bevotnes easier. 

3. Obstruction of the bronchlftl tube* by an inflaiwmfltor>^ exudate, due to the 

irritation of the gaa. ... . 

3. A flooding of the pulmonary air sacs by serous effusibn, with leauUmg cdemiL 

II rid interference with gaseous exchange of respiration. ... 

4. A diaruptive emphyeema of the lunip and of the subcntaneoiui ti«n^, due o 
continuous coughing, and the rupturing of many of the alveolar crib), resulting m the 
passage of the air into the tiaeuea of the lungs and into the tis^neti of the neck. Such a 
isondltion interferes with normal respiration and leads to a certain degree of asphyxia. 

The lethal concentration of chlorine for 30 minutes*' exposure ia 2,63 
mg. per liters and for 10 minuttw' exposure, 6.6 mg. per liter. 

Chlorine poswes^OB many of the tactical and technical^ requirements 
of an offensive battle gas, as discussed in Chap. II, page 47. Thus it is: 

Fairly loxiu (5.fi0 nig, per liter is lethal after 10 minutes). 

3. Nonpersiatent (5 to 10 miiiutes in the open). 

3. Immediately effective (fea^ minutes* of exposure). 

4. Extremely volatile (19,360 mg. per liter), 

fi. Raw materials a>-ailablo in unlimited quantities. 

ft. Easy to manufacture. 

7. Chemically stable (when completely anhydrous). 

8. Nonhydroly stable. 

0. Not dccompowed under shock of exploeion. 

UK Of low boiling point 34.5*C.) ( — 30.3®F.)* 

11. Of high vapor prewure, 

12. Of Bpecific gravity 1.4. 

13. Of high vapor density (2,5). 

The chief disadvantage of chlorine b ita great chemical activity 

which makes it easy to protect against. n u ■ i 

As chlorine is the ba^ for the manufacture of nearly all chemica 
nmnts and U readily available in enormous quantiles in industry, it will 
always be a potential chemical-warfare threat against any nation 
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armed forces are not protected against it. However, since present’^ay 
gas masks afford complete protection against chlorine and since there 
are so many more effective combat gases now available^ there is littio 
likelihood that chlorine will figure as a chemical agent in any future war 
between first-daas powers. 

Methylsulfuiyl Chloride (ClSOiCHi) 

Methyl Chionsulfonate 

The great smx-ews obtained by the German cloud-gas attacks in April 
and May, 1915, at once suggested the use of gas in other ways, such ob 
in grenades, trcnch-mortar bombs, and artillery shell. Since chlorine^ 
was too volatile to be loaded into projectiles, a search for a suitable gas 
for this purpose was begun on both sides. 

The first compound to be successfully used in projectiles* was mcthyl- 
sulfuryl chloride, introduced by the Germans in June, 1915. This 
compound was filled into trench-mortar bombs and hand grenades, but 
was never employed in artillery shell. 



Methylsulfuryl chloride is obtained by the action of sulfuryl chloride 
on methyl alcohol and is a transparent viscid Uquid, of 1.51 sjjei'itio 
gravity, which boils at 133"C. (232.4'’F.), yielcUng a vapor 4.5 thnert hb 
heavy as air, which lacrimates in concentrations as low as 1:750, W 
{0.008 tng. per liter). It has a very irritating effect on the conjuiu'tiva 
and respiratory organs which becomes intolerable when the concent ration 
rises to 0.050 mg. per liter. A concentration of 2.00 mg. per liter is fatal 
on 10 minutes^ exposure, death being caused by lung edema as m the 
case of chlorine and phosgene poisoning. Its volatility at 20"“C. is 
60.00 mg. per liter. 

Methybulfuryl chloride was used only a short time, being replaced 
in the sumn^er of 1913 v4th K-Stoff. 

Bthylaulfoiyl Chloride (ClSOiCaH*) 

French: “Sulvanite” 

About the aame time that the Germans brought out mcthylsulfuryl 
chloride, the French countered with the ethyl compound, as a filling tor 
artillery ahcllj under the name '^Sulvanite." 

Ethylmilfuryl chloride is amilarly obUined by acting on ethyl ak-ohol 
with sulfury I chloride and is a colorless liquid, of 1.44 specific gravity, 
which boils with some decomposition at 135®C. (275"F.), yielding a vapor 
which lacrimates in coneentratione as low as 1:1,000,000. A concen- 
tration of 0.050 mg. per liter is intolerable and a concentration of 1.00 
mg, per liter is toxic. 

• The esriier um of xylyl biomido (T-Stoff) in ortillfiry sboU on the Russian Front 
in January, 1015, was uiuiuccesrful. 

Compared to methylsulfuryl* chloride ^ the ethyl compouml \i< more 

lacrimatory and toxic, hut is less volatile, ao that th? romhst 

the two are probably about the same. 

Neither of these compounds played a role of any importance in the 
war: they mark a milestone in the race for a more effective lung-injurant 
iigeut and are of historical interest urily. 

Chlonnethylcblorofonnate (ClCtXKJHaCl) 

French: "Palite": German: *'K-fitoff,” "C-Stoff” 

This siibstanw, known as "K-Stoff" when used in sh<41s and 
“C-Stoff" when used in trench mortars and projector bombs, was first 
used by the Germans in June, 1915, in an effort to find a chemical aginii 
more effective than chlorine. 

K-Stoff is a mixture of the ineompletcly chlorinated mctliyl esters 
of formic acid (70 per cent ClCOOCHiCl and 30 p(^r cent CICOO- 
CHCla) and is a clear liquid, of 1.48 specific gravity, which boils at 
1,09*C. (228.2*F.), yielding a vapor 4.6 times heavier than air. It has an 
ethereal odor, U somewhat lacrimatory, and hydrolyzes easily when 
warEn and even when cold in the presence of alkalies, yielding formaidf^ 
hyde, carbonic acid, and hydrochloric acid. Its vapor pressure at 20‘'C. 
(68®F.) is 5.6 mm. Hg. 

Chlcirmcthylchloroformate is prepared by first acting on phosgene 
with methyl ale*)hol rii obtain methylchloroformate as follows: 

aiCb + CH,(OH) - CIOOOCH, -b HCl 

and then chlorinating this ester in the presence of strong light, so that 
chlorine progressively replaces the hydrogen atoms of the methyl group, 
y ieldii j g monochlormethy lehloroformate (ClCOOCHiCl) and die h lor- 
methylehlorofomiate (ClC(X)CHCla). 

In concentrations of 1; 100,000 (0.0528 mg. per liter), K-Stoff causes 
slight lacrimation, while a concentration of 1,00 r>ig, per liter is lethal on 
30 minutes' exposure. 

It is, therefore, about five times more toxic than chlorine, but only 
about half as toxic as phosgene and diphewgene, so that, while it was a 
great improvemeEit over chlorine when first used, it was soon displaced 
by diphoftgene and chlorpicrin when these more povrerful compounds were 
introduced. 

l>iin 0 tbyl SuJftte ((CHi)iS04) 

German: '‘D^Stoff'*; French: "Rationite” 

The quwtion of who first twed this compound aa a chemical agent in 
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til? lat^ war b somf^what uncertain. Thils, Dr. Hanslian 

i53 

sayu this subatautc was iuttoduc^d by the Germans as a filling for 
artillery shell in August, 1916, under the name of “D-Stoff^; the reportJi 
of the Allies' laboratories whieh analy^d tlie contents of these early 
Gerumn D sheila show that dimethyl sulfatt^ was an ingredient of their 
<'heiuieid contents* On the other hand, Dr* Mueller (21, page 96) 
cmpimtically denies the German use of this eomponnd and explains the 
situation thus; 

The oft-rcpcated Biateinent to the effect that dimethyl sulfate hiut been iimhI 
experimentally by the Gcrmatis m early ah in 1916 w not true. It U to be expUin^Hl 
f>y the fact that mcthylaulfuryl chloride iiwd at that time temporarily waH slightt^ 
poll II tod with a few per ecut of dimethyl sulfate, and the impurities Hiill dung to 
thecommeri'jal product after itH mflaufucture. Caderno riiruinistanceti was dimethyl 
.-sulfate piiq> 0 !jely added. Tho«e concerned with such mat ten* wouUl never bnv*' 
agreed to itn use. 

Whether or not the early German use of dimethyl sulfate was deliber- 
ate or accidental, it is clear that no one at that time really realiied the 
true combat value of this substance. Thus, It is not only a good lacri- 
mator and veiy toxic, but is also a fairly powerful vesicant. These 
properties w'ere later discovered by the French and dimethyl sulfate was 
adopted by them as a filling for artillery shell and hand grenades in 
September, 1918, under the name of “Rationite*” 

Dimethyl sulfate is produced by acting oh fuming sulfuric acid with 
methyl alcohol and distilling in vacuo. Before the war it was used in 
industry as a methylating agent for amines and phenols and as a reagent 
for detecting coal-tar oils. 

It is a colorless oily liquid, of 1*S5 specific gravity, wdiich boils at 
188”C* (370*4“POi yielding a vapor 4*4 times heavier than air with a 
faint odor of onions* 

At ordinary temperatures (68®F*), its volatility is only 3*3 mg. per^ 
liter, which is low for a lung injurant but high for a vesicant* Dimethyl 
Hulfate is very readily decomposed by water so that its vapors quickly 
combine with moisture in the air to form sulfuric add* This is one of the 
chief defects of this substance as a chemical agent* 

Dimethyl sulfate is a powerful irritant to the mucous membranea, 
especially the conjunctiva and respiratory system. Its direct toxic 
action is exerted against the lungs in a manner very similar to that of 
chlorine, resulting in bronchitis, pneumonia, and lung edema. A con- 
centration of 0*50 mg* per liter is fatal on 10 minutes' exposure. It is, 
therefore, about as toxic as phosgene* In lower concentrations it exerts 
a corrosive action on the skin, resulting in a peculiar analgesia of the skin 
«''hich is said to last for six months after exposure* For this reason, it 
may also be regarded as a vesicant agent* 
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The limited use of this compound during tbe war did not definitely 
establish its combat value* However, the high degree to which it is 
decomposed by water, and even by tiie moisture in the air, would require 
that any tactical effects produced be secured by the vapors directly upon 
the bursting of the shells before these vapors are decomposed by tlic 
moisture in the air* This so greatly limits the combat effeetiveness of 
this pnibstance as to raise a serious question regarding its future value 
as a chemical agent, particularly since other more toxic and more vesicant 
compounds have been discovered, 

Fetchlomutbyliiiercaptan (SCCU) 

Carbon Tctrachlorsulfide 

During tbe summer of 1915, while the Germans were experimenting 
with halogenated esters, the French concei^’ed the idea of utilising 
perchlormethylmercnptan as a chemical-warfare gas, and this substance, 
which was introduced by the French in the battle of the Champagne in 
September, 1915, constituted the first use of gas shell by the French 
Armjft- 

Perchlormethylmercaptau may be obtained by the direct chlorination 
of methylmercaptan (CH|SH) or by passing chlorine into carbon disulfide 
in the presence of a small quantity of iodine as a chlorine carrier* The 
resulting product is a light yellow liquid, of 1*71 specific gravity, which 



boihi at 149^0* (300.2“F.), yielding a vapor 6.5 times heavier than air. 
It lacrimates in concentrations as low as 0*010 mg, per liter and is intoler- 
able at 0.070 ing, per liter* A concentration of 3*00 mg. per liter is 
lethal on 10 minutes' exposure, w'hich makes it about one-sixth as toxic 
^ phosgene. 

Pcrehlormethylmerraptah has the following disadvantages as a chemi- 
cal agent; 

1. Rather low twicity* 

2. Warning odor which betrays its prosonco before toxic effects are produc ed, 

3. Decompoflefl in the presence of iron and steel 

4* diarcoAl easily fixes Us vapon and furnished complete proteetioti against it. 

For these reasons, this compound was soon abandoned in favor of 
other more effective substances and is not likely to be used again as a 
chemical agent* Commenting on this gas, Izard (23) says, utiliza- 
tion had no other object than to realize a provisional solution*'' 

Phosgene (Carbonyl Chloride) (COCli) 

French; ^^CoUongite"; Gennant '*D-Stoff”; British and American: CG 

Phosgene was the second toxic gas to be used in large quantities 
during the war* It was first employed by the Germans, mixed with 
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chlorine, in a cloud-gas attack agam^^t the British at Nieltje, in Flander!^, 
rtii Dec. 19, 1915, when 88 tons of gas were released from 4,000 cylinders 
and prcMliiccd 1,069 of which 120 were fatal. 

In February, 1916, phoggene was adopted a^ an artillery-stfcLl filler 
by the French in retaliation for the German K-Stoff shell. Throughout 
the remainder of the war, this gas was the prim-ipal offensive battle gaa uf 
the Allies, being used in enormous quantities in ciylinders, artillery shell, 
trench mortars, bombs, and projector drums. More than SO per cent of 
gas fatalities in the World War were caused by phosgene. Concerning 
the use of phosgene in the World War, see Table XVII, paged 663 ff. 

Phosgene waa known to chemists for over a hundn'd years before the 
World W'ar, being first made by the British cbemi.st Johji Da\ y in 1812 
by the reaction of carbon monoxide and chloririe in the presence of sun- 
light. At the begimiiiig of the present century, phosgene was used 
I'xtciisively as an mtermediatc in the dye industry and had been manu- 
factured on a considerable scale for many years in Gemiany. \Mth its 
well-known toxic properties and ita ready availability in large quantities, 
phosgene was a l(^cal choiw of the German chemists for a i>owerful 
subrititiiie for chlorine when the Allies had equipped themselves with 
masks that afrorded adequate protection against chlorine. 

At ordinary temperatures and prertsurea, phosgene is a colorless go^f 
which condenses at 46.7°F. to a colorless liquid of 1*38 specific gravity. 
Above 46,7”F*, phosgene immediately evaporates, although at a slower 
rate than chlorine, and gives off a transparent vapor, 3*5 times heavier 
than air, with a stiffing, but not unpleasant, odor resembling nc-w-mown 
hay* 

Aside from its characteristic odor, phosgene may also be detected in 
the field by its so-called tobacco roodion, by which is meant that men who 
have breathed only very slight amounts of phosgene experience a (XH^uliar 
flat metallic taste when smoking tobacco. Certain other ga*M 4 >s, iiuvh as 
HCN and siilfur dioxide, however, abo have this effect and must lx‘ dis- 
tinguished from phosgene by their very different odoru. 

Chemically much more inert than chlorine, phosgene is a very stable 
compound and is not dissociated by explortion of even strong bunding 
charges* When dry, phosgene does not attack iron and may, therefore, 
be kept indefinitely in iron and steel containers. It is, however, 
ejrtremely sensitive to water, in contact with which it quickly breaks 
down into hydrochloric acid and carbon dioxide, aeeordioE to the 
equation 

OOCl, + H,0 - CO, H- 2HC1 

Hence, even if slight traces of water are prewmt in loading phosgene into 
shell, the hydrochloric acid formed will attack the shell walls and gen- 
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crate dangerous pressure in the shell; if sufficient hydrochloric acid is 
Formed, it \iill eventually destroy the shell* Because of its rapid hydroly- 
sis in the presence of water, phnegene cannot be efficiently employed in 
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very wel woftthcr. 

While phosgene boils at 46*7'^F., which is considerably below ordinary 
summer tt^mperuturcsj its rate of evaporation is so slow that it has to be 
mixed with equal quantities of chlorine in order to set up satisfactory 
rloud-gas concentrations in the field. This was the manner in which 
phosgeue was employed in rloud-gos attacks throughout the war. 

The toxicity of phosgene is o^ er ten times that of chlorine, a concen- 
tration of 0.^ mg. per liter being fatal after 10 minutes* exposure. In 
tiigher concentrations, ;vhich are often met in battle, one or two breaths 
limy be fatal in a few hours. 

Phosgtnm apptNirs to exert its physiological and toxic eflfecte chiefly 
through the mcfliiim of its hydrolysis products— hydrochloric acid and 
<^arboii dioxide. Its effects upon the upper air passages of the body, 
where moisture is relatively small, is therefore comparatively slight. 
With prolonged breathing, however, sufficient phosgene is decomposed in 
the bronchi, and trachea to produce marked inflammation and corroaion. 
These effects reach their maximum in the alveoli where the air is satu- 
rated with water. 

Unlike chlorine, phosgene produces but a slight irritation of the 
>ien 3 oiy nerves in the upper air passages, so that men exposed to thia gas 
are likely to inhale it more deeply than they would equivalent concen- 
trations of chlorine or other directly irritant vapors. For this reason, 
phosgene is very insidious in its action and men gassed with it often hav'e 
little or no warning symptoms until too late to avoid serio\is poisoning. 
Generally, the victim first experiences a temporary weak spell, but other- 
wise feels well and has a good appetite. Suddenly he grows worse, and 
death frequently follows in a few days. 

Concerning the physiological action of phosgene, which is typical of 
the lung-injurant agents, General Gilchrist says: 

After giuehiR with phosgene there is irritution of the tr&ehea or bronchi; couf^hiuH 
i« not & pmioincnt symptom, and disruptive cmphysenia k pmcticaUy never seen. 
After moderate; gassiug, a man may fed able to earry on his work for an hour or two 
with sliKht symptoms, but be may become suddenly worse, may show evidence of 
eictreme eyanoais, and subsequently may pass into collapse. There are records of 
men who have undergone a phosgene-gas attack and who aeem to have suffered 
slightly, but have died suddenly some hours later upon attempting physical effort. 

Pulmonary edema appears very early. This edema is at first noneeUulsr but^ 
after about five hours, leucocvdee are Found, and later the esudate is rich in cells. 
After inhalation of phosgene, red blood cells are seldom Found in tho exudate; latiT 
fibrin appears. Physical examination at this time reveals foeal patches of broncho^ 
pneumonia. At the height of illness edema is the outstanding condition. After the 

second or third day, if death does not occur, the edema fluid is reaqrbed and rci’over^' 
follows, barring complication of the broniihopneumonic process. 

The importnut immi^liate effects of phosgene are practicalh* limited to the lung»'. 
Theeie changes consist of damage to the capillaries. This damage may be noteil a 
half hour after gatssing. The capillaries in the walls of the alveoli are markedly coti- 
stricled and appear collapi*cfL Later they become dilated and engorged with blrxxl, 
and blood stasis is the rule. Frequently thromhi form and block the capillaries for 
^ine distance, vriiieh increases the hicxxl stasis. This dilation and hlnod Htasis in 
the capillaries is the main <'aiirte of puLmunary edema; the latter progresses rapiiUy 
from this time on. 

A number of theories have been advanced to explain the production of edema . 
The preponderance of evidence as to the cause of the edema following pliOigenc 
gassing is that it is due to local injury of the endothelial celb which results in 
an increaseil c&pilLiry pemioability; the other changes in the blood and in the circuhi- 
tion are secondary to the traunia sustained by the capillary wall. 

The injurious effects of pbotsgeuc are materially increasipd by physical 
exertion. Frequently those parts of the lungs which have not been 
damaged by tlie ga.^ would be sufficient for breatbing purpoi^cs if the body 
were at rest, but they arc not sufficient while the body is in motion, par- 
ticularly in view of the excess carbonic acid which if* formed in the body 
by the decomposition of the phosgene. 

Phosgene is manufactured in industry by the original process of 
direct synthesis of chlorine and carbon monoxide, as indicated in Chart 
X. The only change from the original process of making it is the sub- 
stitution of a catalyst (animal charcoal) for the action of sunlight. 

Compared to chlorine, phosgene has the following advantages as a 
chemical agent. It is: 

1. For more toxic {0.150 mg. pt^r liter at 10 miuut«i). 

2. A little les9 vdatile and more persistent. 

3. Greater vapor density (3.B). 



A More inbidiuofl in action. 

Chemically more inert and, therefore, more difiicult tu iieutr.^liie and protc'^rt 
against. 

The principal disadvantages of phosgene are its slower physiological 
action on the body and its inability to discharge itself from cylinders at a 
.sufficient rate for cloud-gas attacks. 

In addition to the foregoing, phosgene is relatively easy to protei’fc 
against and for that reason would probably be displaced in the future by 
Eases of greater toxicity and more difficult to neutraliae. 

Trichlormethylchloroformate (ClCOOCCLa) 

German: *'Perstoff"; French: “Surpalite’^ British: "DipKosgene” 

This gas was first used in the World War by the Germans at Verdun 
in May, 19lfi, in retaliation for the French phosgene shell wbidi wen» 
introduced in February, 1916. 

lo8 

Trichlormethylchloroformate is the completely chlorinated methyl 
ester of formic acid and is obtained by completing the chlorination of the 
monochloimethylcbloroformate (K-Stoff). In studying the chlorinated 
methyl esters of formic acid, the German chemists found that their 
toxic properties increased, while their iacrimatory powers decreased, with 




Chart X. — Catalytic manufactUK of phnaaono (flow ibnt). 

the addition of chlorine atoms in the methyl group of their molecular 
structures. Thus, diphosgene, which contains the maximum chlorine 
atoms, was found to be the least lacrimatory but the moat toxic of these 
compounds and was for that reason substituted for K-Stoff as the 
standard German nonpersistent lethal gas for shells. An analysis of the 
gas casualties of the late war indicates that, on the basis of the total 
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number of fatalities, diphoKgene was the principal killing gas used tti 
^heU^ during the war. 

Trichlormethylchloroformate is an oily liquid of specific gravity l.fifi 
and a disagreeable suffocating odor. It boils at 127“C. (260. 6"F.), giving 
off a dense whitish vapor 6.9 times heav ier than air, which persists on 
open ground about 30 minutes. At 20^0. (68^F.), its volatility is 26.00 
mg. per liter. When heated to about 350^. (662®F0 or upon contact 
with moisture, as in the tissues of the body, trichlormethylchloroformate 
breaks down, yielding two molecules of phosgene, thus: ClCOOCCla * 
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2€OCla, wliich it receivod its English name — diphosgene* Under 
ordinary f^oiiditions of temperature and pressure^ it hydrolyses slowly, 
ultimately yielding earbonic acid and hydrochloric acid, according to the 
following equation: 

ClCOOCCh -H 2HsO - 2C0i + 4HC1 

Because of its high boiling point and the fact that in its primary form 
it is relatively inactive physiologically, diphosgene la peculiarly adapted 
for shell filling. Unlike phosgene, which requires artificial refrigeration 
to keep it below its boiling point during filling operations, diphosgene can 
lie fillc'^l into shells in the field, the workmen requiring no other protection 
than gas masks. Thm was of great advantage to the Germans diudng the 
war as it enabled them to fill shell close behind the front lines, and the 
filled shell thus required the minimum transportation, handling, and 
storage. Because of this fact, the Germans were able to use all aorta of 
H.E. shell fAr gaij by the simple expedient of cementing the jointe in the 
shells, while the Allies, whose shell were filled far from the front and had 
to withstand much rough handling and long storage, could not euccess- 
fully use cemented gas shell, because of leakage difficulties* 

The toxicity of diphosgene is about the same as that of phosgene. 
In fact, it is probable that the toxicity of diphosgene is not a specifif- 
property of that compound, but is derived from the phosgene molecules 
into which it decomposes in the tissues of the body* 

The German chemist, Haber , quoting the work of Flury, gives the 
toxicity index of diphosgene as 500, as compared to 450 for phosgene. 
For a 10-minute exposure, this is equivalent to a concentration of 0*050 
mg. per liter of diphosgene and 0.045 mg* per liter of phosgene* Amer- 
ican determinations, however, show that the minimum lethal concen- 
trations of phosgene for a 10-minute exposure is 0.50 mg. per liter which 
ie over ten times the German figure. Many reasons have been advanced 
to account for the large discrepancy in these figures, such as that Fluty^s 
determinations w'ere on cats which were subsequently found to be 
peculiarly sensitive to phosgene and diphosgene concentrations* The 
cats W’ere also said to be undernourished, which still further increased 
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their susceptibility. However, regardless of the differences in ttpecxjxc 
toxicity of phosgene and diphosgene, as betw’cen the different nations, all 
agree that there are no perceptible differences in the physiological effects 
of these tw'o compounc^ atid that they arc substantially equal in toxicity. 

As phosgene was the dunce of the Allies for a .standard nonpersistent 
lethal gas, while tlic Gennans used diphosgimc, it Ls interesting to com- 
]virc^ rcliitivc merits of thcs<» two compounds as chemical agents. 

Both have alumt the same toxicity and physiological effects on men 
and animals. Diphosgene is about three times as persistent as phosgene, 
having an o[x'ii-ground persi.stency of 30 minutes against 10 minutes for 
phosgene, so that tliphosgtnie w'ould not be classed os a nonpendstent 
ga;s under our prest^nt system of classification, which regards all agents 
having an opeu-groEind t>er>iisfeney greater than 10 minutes as persistent. 
However, tlie present limit of 10 mimitea for nonper?tistcnt gases is some- 
what arbitrary and, from a tactical standpoint, it is believed that a 
persistency of 30 minutes is not too great for a nonpersistent gas. The 
main consideration go^'cniing the length of time a nonpersistent gas can 
be allowred to remain on tlie target area is the time required for the 
attacking infantry to traverse the ground between their jump-off lines 
and the enemy's front line. Under the most favorable conditions, with 
the jump-off line only 800 yd, from the enemy's front line and maximum 
rate of advance under fire (100 yd* in 4 minutes), this will not be less than 
32 minutes, so that a gas which would not persist for over 30 minutes 
would be suitable for use in offensive ope^ations. 

Within the limits of permissible persistency, the nearer this limit 
is approached by an agent, the easier it is to maintain effective concen- 
trations in the field; therefore a persisteucy of 30 minutes is an advantage 
over a persistency of 10 minutes, so that diphosgene has the advantage in 
this respect* On the other hand, phosgene is more volatile than diphos- 
gene and higher field concentrations can be effected with phosgene* 

The spe^ and duration of the casualty effects of both phofigene and 
diphosgene are about the same, but phosgene has the advantage of being 
more insidious in action, as diphosgene is somew'hat lacrimatory an<l 
gives a noticeable TA-aming in concentrations of 1:200,000, as compared 



to 1:100,000 for phosgene* The odor and visibility of phosgene and 
diphosgene are veiy similar and almost equal, the latter being soniewhat 
more pungent and visible in cloud formation than the former. 

Phosgene is made by the direct synthesis of CO H- Cl, wherea*'< diphos- 
gene requires the following additional steps: 

1, Fomkation of rntthykhloroformste freni phosgene sad methyl alcohol by 
rtiwtion with cakiutn carbonate* 

2. Formation of diphosgene from methylehlomformatt by the reactioa of chtoriDC 
by the action of doctricity Cultraviolct ruya). 
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Special title-lined reaction vessels are also required for the manu- 
facture of diphosgene which considerably complicates its production in 
large quantitlrs. Phosgene is thus far easier to manufacture than dipho«- 
gene, and it was primarily on this account that the Allies chose phosgene 
as their standard lethal agent* 

Phosgene is chemically more stable than diphosgene and withstanejs 
explosion without decomposition, although diphosgene is first resolved 
into phosgene by dissociation. Owing to its higher boiling point and 
relatively inert physiological action in its primary form, diphosgene is 
far easier to fill into shell, but, oti the other hand, it cannot l>e ust^ for 
cloud-gas attacks ns can jdiosg<me. Finally, diiihosgcne vapor is mon‘ 
than twh^ as heavy ns pimsgene, which gives it greater ground-clinging 
and searching values in the field* 

ChloipUrm (Nitrochlotoform) (CCljNUj) 

Britisih: "Vomiting gas''; French: "Aquinite"; German: "Klop’' 

The next lung-injurant gas to make its appearance in the WorUl 
War waB chlorpierin. This gas was first used in battle by the Russians 
in August, 1916, and was subsequently employed by both Germany and 
the Allies, alone or mixed with other combat substances, in artillery 
sheik), trench-mortar bombs, and in cylinders for cloud-gas attacks. 
Indeed, chlorpierin appears to have been the most w idely used combat 
gas in the war, although the total amount used was probably less than 
that of phosgene and diphosgene, 

like chlorine and phosgene, chlorpierin was a well-known chemical 
aubfltance before the World War. It was discovered by the English 
chemist, Stenhouse, in IS48, and its chemical and physiological properties 
had been carefully studied many years during the nineteenth century. 

Chlorpierin is a colorless oily liquid, of 1.66 specific gravity, whicli 
boils at 112X. (231. 5^F.), giving off a pungent irritating vapor, 5*6 tiim^s 
heavier than air, and having a sweetish odor resembling that of flypaper. 
Evem at ordinary temperatures chlorpierin evaporates very rapidly, 
and its vapor pressure is quite high, at 2()“C, (08"F.) it amounts tti 
18*3 rnm* Hg* Its volatility at 20“C* (6S"F.) is 165.0 mg, per liter. 
Chlorpierin may therefore be used in cylinders for cLoud-gos attacks if 
mixed with chlorine* Mixed with 70 per cent chlorine, chlorpierin was 
used in a large number of British gas attacks under the name of " Yellow 
Star gaa*” 

ChemicBlly, chlorpierin is quite a stable compound.* It Is almost 
insoluble in, and is not decomposed by, water; it does not combine readily 
with either acids or alkalies. Owing to its ehemieal inertness, chlor- 
picrin does not react with any of the chemicals in the gas-mask 
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canister and is removed from the air passing through the canister by 
the charcoal alone* It is therefore one of the mo£=t difficult of the war 
gases to protect against* Oving to this fact, the protection afff>rdcr1 
by gas-mask canisters is usually rated in accordance with, the number 
of hours it will protect against ordinary field concentrations of 
chlorpierin. 

Chlorpierin is rather easily manufactured by the direct chlorination of 
pi^rif.' acid* In practice, the reaction is carried out by injecting live 
steadi into an aqueous solution of bleaching powder and picric acid, 
as shown on Chart XI. The yield is 114 lyr i^ent of the volume of picric 
t«4d employed. Since large amounts of picric acid are aW in industry 
and for hi^ explosives and, since bleaching pow'der b easily obtainable 
ev^erywhere, the raw materials necessary in the manufacture of chlorpierin 
are readily available. This fact and the ease of manufacture undoubtedly 
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jw'count for the widespread of ehlorpirrin during the iate war* 

As a war gasj chlorpierin has a number of desirebie offeussive proper- 
ties. Like chiorine and phosgene, it is a lethal compouiid whieh acts 
primarily as a lung injurant- In toxieity, it is intermediate betwei^i 
fihlorine and phosgene, as indicated by the following comparative fignreH: 
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In additioti to its lethal (hmg-Lujnrniit) ehtf^rpirriii is also a 

strong iaerimator, and has tlie additional advantage f>f being capable 
of j>enetratiiig gas-mask c'anisters that are resistant to ordinary itt'id gases, 
such as chlorine ujid phosgene- The injurious effects of chlorpi<'rin also 
extend to the stomaf'h and intestines, causing nausea, vomiting, colic, and 
diarrhea. These <‘f>nditionH are difficult to combat in the field and often 
persist for weeks so that even slight cases of chlorpicrin gassing frequently 
involve large casualty losses* 

The main tactieal idea in using chh>rpiciin, aside from its toxic effect, 
was to penetrate the mask and produce an intolerable irritation of the 
eyea, as well as coughing and vomiting from nausea* These effects are 
sufficient to cause masked troops to remove their masks and thus expose 
themseives to even more lethal gasis, such as phosgene, which would 
be put over with the chlorpicrin. 

The principal disadvantages of chlorpicrin are its relatively low 
toxicity, as compared to some of the later war gases, and the fact that it 
decomposes upon heating and when subjected to too high an explosive 
shock. Notwithstanding this latter peculiarity, the results of the late 
war showed that chlorpicrin could be successfully used in artillery shells 
if the bursting charges were properly adjmited to this filling* Another 
factor limiting the general usefulness of chlorpicrin is its rather high 
liersistency* On open ground chlorpicrin has a persistency of about 
3 hours, which would preclude its use on the tactical offensive in ordinary 
rituations. 

Owing to the foregoing disadvantages and limitatiousj the fact that 
modem gas masks generally furnish adequate protection against chlor- 
pierin, and the further fact that much more powerful and effective lethal 
agents w-ere used in the late war and would be in all probability used in 
any future w^ar, the future role of chlorpicrin as a war gas is at least 
imcertain, with the probabilities rather against its future use. 

Pbenylcurbylamme Chloride (C«HiCNCI0 
Fhenylisocyanide Chloride 



This compound, introduced by the Germans in May, 1917, was the 

of the simple lung-injurant agents to be employed by them in the 
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W'orld War. Two montlis later they brought out two entirely new aud 
radically different types of agents — the vesirnnts (Yellow Cross), of 
which mustard gas was the prototype, and the stemutators (Blue Cross), 
of which diplienylchlorarsine wa.^ the prototype — and thus changed the 
whole ('hitriuder of gas warfanv 

Plipnylcarbylumine chh>rlde was the culmination of an attempt to 
prijduce ft more per>iistent and enduring Umg-iiijurant agent, ho as to 
enable concentrations to be maintaliu'<l in the field for such a length of 
time fts to exhaust the current types of gas-mask canisters* Later it was 
used iu shoots with mustard gas to mask the presence of the latter. 

Phcnylearbylaminc chloride is produced by chlorinating phenyl 
mustard oil (CsHsNCS), dcri\ <Hl from the action of carlxm disulfide on 
aniline. The product is a tiansparciit liquid, of 1*35 specific gra\'ity, 
which boils at 210°C* (410T.), yielding a vapor 6-0 time.H heavier than air. 
Its volatility at 20“C. (68*F.) is 2.10 mg* per liter* Its lowest irritant 
concentration is 0.003 mg, per liter; it lacrimatea at 1:1,000,000 (0-0072 
mg. per liter) ; it is intolerable at 0.025 mg* per liter; and a concentration 
of 0.50 mg. per liter is lethal on 10 minutes* exposure. 

Phenylcarbylamine chloride was ased chiefly in shells for the 10.5- 
cm. light field howitzer (without a mark) and 15.0-cm. heavy field 
howitsser (marked 1 Green Cross — variation)* Owing to its low 
volatility, it w-as very persistent, and'for that reason could not lie used on 
the tactical offensive. Moreover, its low vapor pressure often prevented 
effective concentrations from being realized in the field. Altogether, 
about 700 tons of this gas w'ere fired by the Germans from the middle of 
1917 to the end of tiie w-ar and, while this gas w-as a fair 

lacrimator and was moderately toxic, it failed to achieve any noteworthy 
success. It was not considered of much value by the British and the 
reason for its use by the German.^ ifi not apparejat, since they already had 
far more effective lung-injurant agents (c.ff., diphosgene and chlorpicrin), 

Dichlordimethyl Ether ((CHiCl)^) 

Dibromdimathyl Ether ((CHaBR)aO) 

Dichlormethyl ether is one of the lesser combat substances used by the 
Germans, usually in mixture w’ith ethyl die hlorar^jine. It was introduced 
in January, 1918, and was utilized to increase the volatility of ethyl- 
dichiorarsine, which was brought into use about the same time. 

Dichlordimethyl ether is a colorless liquid, of 1.37 specific gravity, 
whicli boils at lOo^C. (221®F.) and has a volatility of 0*180 mg. per liter 
at 20“C* Its lowest effective concentration is 0*015 mg* per liter; it ia 
intolerable at 0*040 mg. per liter and lethal at 0.470 mg* per liter on 10 
minutes* exposure. 
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The bromine analogue, dibromdimethyl ether, was also usikI by the 
Germans in the same way as dichlordimethyl ether and, as compared Ui 
the latter, has the following properties: it has a higher boiling point, 
1SS*C. (311“F.), and a lower volatility (0.022 mg. per liter)* It ia also 
leea irritant, a concentration of 0*020 mg. per liter l>eing required tf^ 
produce an irritating effect, w'hile tho concentration does not bei^omt' 
intolerable until it reaches 0*050 mg* per liter. On the other hand, it i;^ 
more toxic since a concentration of D.040 mg. per liter is lethal on lU 
minutes' exposure. It is also denser, having a speidfie grav ity of 2.20* 

In addition to their typical lung*injurant effects, these two com- 
pounds also exert a peculiar elective action on the organs of equilibrium 
of the body, f.e., the labyrinth of the ear, so that the victim staggers and 
reels and is unable to maintam his body balance- For this r<‘asoii the 
French clo^isified these compounds in a separate clasH and called them 
hbyrinlhic substances* 

Both dichlormethyl ether and dibrommethyl ether are more toxic 
than phosgene, and this fact, together with their favorable volatilities 
and the fact that they are both insidious in action, make them note- 
worthy combat imbstances* As they do not appear to have been used 
to any great extent, except in mixture with ethyldichlorarsiue, their 
individual values as toxic agents w^ere not established in the war. How- 
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ever, their jirujx^rfiey and charat^terUtioji are jiiueh an to make them of 
considerable potential value, notwithstanding the fact that they are both 
rather easily decomposed by water. 

Phenyldkhtorarsine (CiHaAwCij) 

French: "Sternite^* 

The first of the toxic lung-injurant agents to appear in the World 
War was phenyldichlorarsine. This gas was first used by the Germans in 
September, 1917, with, and as a solvent for, diphenylcyanarsine (Clark 2) 
in Blue Cross 1 artillery shell, and latar by the French in a mixture with 
40 per cent diphenylchlorarsine, known as “Stemite.'’ 

Phenyldichlorarsine is a clear somewhat viscid liquid, of 1.64 spt^dfie 
gravity, which boils at 252^C- (485^0^F.) gi\'ing off dense vu|>ors 7.75 
times heavier than air. It is insoluble in water but dissolves readily 
m tlie usual organic solvents* It hydrolyses readily in contact vnt\i 
water and the oxydants destroy it. 

Owing to ite high boiling point, phenyldicbbrarsine has a very low^ 
vapor pressure at ordinary temperatures, being equal to only 0.0146 mm* 
Hg at 15”C* (59“F,), 

While the primary physiological effect of phenyldichlorarsine on men 
animals is injury to the lungs and death is usually caused by pul- 
monary edema, phenyldichlorarsine also has a marked vesicant as well 

ItiC 

as a sternutatory effect on the upper respiratory passages* Its toxicity 
exceeds that of phot^gene, a concentration of 0.20 mg* per liter being 
fatal in 10 minutes; its vesicant action is Homewlmt slower than that of 
mustard gas and the resulting wounds as a rule heal more rapidly* 

On the w-hole, phenyl dichlorarBine was not used in the w’ar to any 
great extent. The principal idea underlying its ust' wa.^ an a MjJveiit 
tor diphenylehlorari*ine and to iiissist in tlie pmetratiim of tiie ga'^mtwk 
i-atiij^ter, A mixture of these two compounds in the proportion of 60 ptT 
phenyldichlorarsine and 40 per cent dipbenytchlorarHine was used 
by the French under the name of “Sternite.'^ It was claimed that this 
mixture would readily penetrate the masks then in use and, i>eing a 
liquid, did not present the difficulties in .«hell filling that attended the 
filling with a solid diphenylchlorarsine. 

The limited use of phenyldichlorarsine in the late war did not clearly 
demonstrate any marked superiority for this compound over other 
organic arsenicab? simnltane<jus)y employed, but it would seem from a 
consideration of its properties that it is an agent of considerable promise* 

Ethyldichlontrsina (CiH^sCla) 

German: "'Dick'" 

This cojupouiid M'on introduced by the Germans in March, 1918, in an 
attempt to produce a volatile nonpersistent gas that w'ould be quicker 
acting than diphosgeue or mustard gas and w'onld be more lasting in its 
effects than Clark” (isec Chap, X), Such a gas was particularly 
de^ued for use in the immediate preparation for and in support of infantry 
attacks in the grand offensive operation planned for the spring of 1918, 
and ethyldichlorarsine waa the answer of the German ehemiats to this 
demand. 

The German process of manufacturing this compound w’aa complicated 
and comprised the follow'ing principal steps: (1) the conversion of ethyl 
c'hloride into ethyl sodium arsenate by treatment wdth sodium arsenate 
under pressure; (2) reduction to ethyl arsenious oxide by the action of 
suLfurous acid; (3) conversion of the ethyl arsetiious oxide to ethyl 
dichlorarsine by treatment with hydrochloric acid. 

The final product, when pure, is a clear somewliat oily liquid, of 
1.7 specific gravity, which boib at 156*^* (312^F*), yielding a vapor 0*5 
times denser than air with a piquant fruity odor* At 20^^::. (68"F*), its 
volatility is 100.0 mg, per liter. Although the liquid ethyldichlorarsine 
is slowly hydrolysed by water, the vapor seems sufficiently stable to 
endure for its ordinary period of persistency in the field* The hydrolysis 
product, etbylarsenious oxide, is also poisonous when swallowed* 
Although ethyldichlorarsine is but little soluble in water, it is soluble in 

alcohol, ether, beiiaetie, or ethyl chloride and is destroyed by oxydants. 
such tiir chloride of lime and potasHium permanganate* Although 



ethyldichlornrsine U a fairly powerful j^ternutator and vesicant agent, ita 
primary aedion on the body is as a lung injurant. Ita first effect in low 
conc<mtrati(ms ia n rn^spiratory irritation which ocetim in concentrations 
i\n low' an 0*1X)1 mg* per liter afttT 5 [iiinutes' exposure. A concentration 
of 0*010 mg* pf'r liter ia intolerable for mort> than 1 minute because of the 
irr<»fit irritation of the nose and throat. Tlie lethnl concentration of 
ethyldichlorarsine is 0*60 ing* per liter for 10 mimit<‘s' exposure anri 
0.10 mg. p<T liter for 30 minutes^ exposure* Ita toxicity is, therefore, 
the sanu^ as phosgene for abort exposurt'^s (10 minuter), but is over thrw' 
times the toxicity of phosgene for long exposures (30 minutes). In eon- 
centrations as low as 0.005 mg. per liter, this gas cause.s marked lo<*al 
irritation of the eyes and respiratory tract. The effect uptm eyc4< and 
upper reflpiratory tract is evanescent, wdiile that upon the lower respira-^ 
tory tract leadu to membranous tracheitis and pulmoiiaiy^ t^mgestion, 
edema, and pneumonia* Arsenic is absorbed rapidly and leads to sy>;- 
temie arsenical poisoning, characterixed by lowered temi>erAture, atoxii- 
i^ptoms, anesthesia, and depression. 

On short exposures (i.e., less than 5 minutes), ethyldichlorai-sine is not 
a particularly efficient irritant for the human skin* On exposures greater 
than 6 minutes, however, positive bums appear which increase in severity 
with length of exposure* On the boais of rapidity of action, extent of 
rubefnetion, swelling and edema, and time of healing, ethyldichlorarsine 
U about two-thirds an effective as mustard gas, but for vesication it is 
only about one-sixth as effet^i\'c. 

Ethyldichlorarsine and its bromic analogue, ethyldibromar.^ine, wen^ 
used in mixtures with the equally toxic dichlormethyl ether (21, pages 93 
and 96) as fillings for the German Yellow Cross 1 or Green Crotw 3 
artillery shell* Ethyldibromarsine has the same physiological effects an 
ethyldichlorarsine, but is less irritant and toxic than the latter and the' 
reason for its use by the Germans is not apparent. 

Concerning the use of ethyldichlorarsine in the war, Hauslian 
says: 

hike the Yellow CroMi Hibutanoe, this combat suhstanre uniiully nolirecl 
nil when it wbk breathed iti. It waa diitinguiahed from the Yellow Cmw Hiihetsni'v 
when lined in (he Held hj' the fact that tn the first place there \ras tio effect on thi^ 
dim, and In the veoond place, the injuries to the nose, throat, and chest did not delay 
for^hfnirs but appeared at the end of a few roinutee* When unoU quantities are 
inhaled, about 5 ee* for 1 minute, the victim ie rendered incapable of fighting for as 
much oa 24 houn ai the mult of dyspnea and paini in the cheat, and if large quantities 

inhaled the mult is fatal* In ease email amounts of the substance have already 
been inhaled before the gas jnaak ii put on, it ia impossible to keep the mask on 
heemi# of the irritation. The subatonee of the Ydlow' Cross 1 shell waa not nearly 
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so persisTent on the terrain as that of the rcgiiLir VeDow Cross* These shells were 
ihi'njfore suitable for gawtng operetions to bo followed by infantry assaults. In 
summer, terrain could be entered I hour after the gas cloud hod disappeared, and, in 
winter, 2 hours after. The Yellow Cress sulfstance No. 1 behaved, oeeordJngly, almosi 
in iiJL respects hka the Green Cross aubstanee and not like the Yellow Cross substance* 

1'lirro no rocord of the casualties produced by ethyldichlorarsine, 
nor any reliable iv'^cord by w'hich its battle efficacy may be judged. 
However, it posscNses many valuable properties and characteristics, chief 
atnoug whi^h are itit quLek action and low persistency which makes it 
suitable as an offtuisive chemical agent. Tliere is a great tactical need 
for a qtiick-acting nonpersistont vesicant and, while the vesicant action of 
ethyldichlorarsine is secondary to ita lung-injurant action, it is, never- 
theless, not inconsiderable. We may, therefore, expect to find this 
compound given careful consideration in any estimate of chemical warfare 
in the future. 

Pheuyldibroniaraiiie (CeHiAsBr^ 

This was the last type of lung-injurant gases of the toxic variety used 
ill the World War. It was introduced by the Germans in September, 
1918, and there is very little information as to its effectiveness* 

The compound is a eolortesa or faintly yellow liquid, boiling with 
slight decomposition at 285*0* (545*F.), and having a density of 2.1 at 
13“C. (59”F.). When disperaed by heat, the fumes are slightly lacri- 
matoiy and somffn^hat sternutatory, although this latter effect is very 
much lestf than diphenylchlorarsine* A concentration of 0*020 mg. per 
Liter is fatal on 10 minutes' exposure; hence its toxicity exceeds that of 
any of the lung-injurant agents used in the war* 
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It the opinion of the AUiefl that pbenyldibromatBine had very 
little during the war^ Thisa v^'v^A no doubt due chiefly to its high 

boiling point, low vapor presHure, and the relative ease with which it 
dr^eomposed iit the field. However, definitive data as to the valu*' 
of thU eompoimd are lacking, so thM no definite conclusions can bedrawu. 

COMPAJIATIVE TOXlCnriES OP LXJITG INJTOAKTS 

the lung injurants are coni pounds of relatively low boiling points 
and high vapor pttvsun»!ii, their volatilities are well above their lethal 
CO I U'cnt rations, and then^fore the casualty and fatality poivers of theN' 
agents arc in proportion to their minimum lethal concentrations* On 
this basis, the foregoing lung injuranfci are arranged in the desernding 
order of their fatal concentrations as sho™ on page 169. 

USE OF LUITG IltJTOAlfTS IN WOStLB WA& 

As a group, the lung injurants were uaed to a larger extent than any 
f>ther tyt>e of gas and secured the bulk of the gas fatalities in the war. 

Minimum Lethal 
ConcentTntion rm 
10 Minutftt' Ej£[)rt- 

Agpnt sure. M*.perLi(er 

Phetiyldibromflirajne. - 0.200 

Phenyldichlorareine - 

Dibremethyl ether ^ ^ 

rWchlormethyl ether ® ^ 

Ethyldiehlorareine 0 iSOO 

Phosgene 

TrichlonnelhylchlorofoTmrtW 

DunetbylfeuUatc - ® ^ 

MonochbnuethyJchlomfornmte 1 d)00 

Ethylsulfurj'l diloricle 1 .000 

Met hy laulfu ry 1 chloride ^ ^ 

Chlorplcria 

PerehlonnethylniertrnptiiTi 3.000 

Chlorine ® 



July 1, 1916. The group is very small, coiwisting of tiie following com- 
pounds used ill the war: 



Agent 


Ijitrodiu-^ : 
1 by 


Dare 


Hydlwyonic acid 


French , 


July 1, l»10 


Ovfliwgpii 


Aufltrim^tt 


Septfiinb«r, 19 Ui 


OvHnogcm chUiiid?' 


Fretu-h 


191« 


1 Plum rhlarid^)* 


Germanic 


Mfl>% 1917 





* Pritharllr li lunK inJiurimt. 

The syjitemic toxics are nonpersiatent and were u.'^cd ta<di('aJly in the 
same way and for the ssjne purposes as the lung-injurant agents. 1 heir 
appearance and use in the w'ar was also concomitant in point ol time 
w'ith the lung injurants, and they may, therefore, be tactically n^gardt^l 
as supplementing the lung-injurant group rather tlian as a separaU* and 
distinct group of agents. On the other hand, their physiological effect is 
quite different from that of the iung injurants and, since our classification 
is based primarily on physiological effect, vith the systemic toxics 
assigned as a separate subclass under the nonpersistent agents, it is 
logical to treat them as a separate group. 

GHOnP CHAHACTBRISTICS 

Chemically, the aystemic toxics are closely related. They are all 
derivative® of the compound cyanogen (CrNj) and are divided into two 
classes: (1) those containing the v^cal { — C»N), called ntirileB; and 

(2) those containing the radical {— NwC), called isonitrUea or corby/- 
aminea. All are commonly known as cyanide*. 

Physically, the jqrstemic toxics are all light liquids with relatively low 
boiling points, high vapor pressures, and higli volatilities. They au' 
the least persistent of all of the combat agents* 

PbvHinlnffirAnv. thev are. in Bfeneral: 



Thus it is estimated that, altogether a total of 100,500 tons of these gases 
were used in battle during the late war and caused 876,853 casualties, or 
an average of one casualty per 230 lb. of gas. Wliile the ratio of casual- 
ties to pounds of gas employed is much lower than in the case of the 
vesicant gases, it must be remembered that the latter, on account of high 
persistency, cannot be used on the tactical offensive, whereas the lung- 
injurant agents are generally nonpersistent and may be employed in any 
situation. 

FUTURE OP LUNG INJURANTS 

As the iung injurantfl were the principal nonpersistent casualty g^ 
of the war and are the only casualty gasca suitable for use in the tactical 
offense when friendly troops are required to occupy terrain vdt bin a few 
minutes after gassing, the lung-injurant agents will continue to play a 
major role m gas Tvarfare of the future* 

The fiJitc lung injurants were but little used during the late war, and 
their possibilities were not extensively explored* Their high toxicities, 
dual physiological effects, and other properties are very favorable to 
offensive chemical warfare, and this field is one from w'hich new and more 
effective chemical agents may be expected to be drawn in the future* 

For a summary of the properties of the principal lung-injurant agents, 
see Table IV* 
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CHAPTER VIII 
SYSTEMIC TOXIC AGENTS 

The systemic toxic agents are those compounds wMcb/instead of ^^un- 
fining their dominant action to some particular organ or part of the budy^ 
usually near the point of impnet, liave the power to penetrate the epithel- 
ial lining of the lungs without causing local damage* They then pai*< 
into the blm>d stream, whence they are diffused throughout the whole 
interior (H onomy of the body and exercise a general systemic poisoning 
tuition w'hich finally results in death from paralyrtis of the central nervous 
system. Th*' systemic toxins w'ere the third type of compounds to appi*ar 
in the World War, the first member of the group being introdui'iHl 



L Spwialiied in their action on the body for, while they pervade the entire eir- 
pultttory syateni, they act primwily on the nerve wntera and eause death by pitmlyaiM 
of the central nervons A 3 mtem. 

2. Extremely quick acting when preaeut in lethal coocentretionb. A few brwithw 
are AMfllcicnt to cauee death, which occure within a few minutea. 

3. ReveiribJe in «tJ0n below a eritain critical otmCentratioh (about 0.030 mg. 
per liter), for below thia concentration the body appears to have the power to neii- 
tralLw and eiiminato the poiaon. Hence with the ayetemic poisons, Haber's simpli^ 
gpneraliiation, that the degree of intoitieaticm equal* the toxic concentration times 
tbe time of expoaure, doea not hold true, and an additional factor enter* the equation. 
This ii known as the elimination factor* and ia apecific for each compound, being the 
quantity which the body can constantly eliminate by reversing the ^ic action. 
Below the critical coheeniration no lesion* ore formed by the poison in the body. 
Even after acute poisoning, few organic IcHona ate found, for above the critical oon- 
oentrertion asphyxiation u so rapid that they do not have time to form* 

* See p. 13. 

4* Of relatively low threshold of action. Thus, hydrocyanic acid is effective 
clown to the critical concentration of 0.030 mg. per liter. 

S. Exceedingly toxic, a concentration ol 0.012 mg. per liter of hydroryantc acid 
bring fatal in from 30 to 60 minutee* — 

fl. ItuidiouH in action, oauring practically no premonitoiy symptoms until after 
serious poisoning has ensued- 

Hydrocjuilc Acid (HCN) 

French: “ Vincennite ” and "Manganite'^ 

For over a hundred years before the World War, hydrocyanic acid was 
known in industry os one of the most virulent of all poisons. During the 
latter part of 1915, in the race to produce more deadly chemical-warfare 
gases, it was inevitable that attention wotdd be turned to this compound 
because of its high toxieity* The French were the first to consider it 
and were in fact its only exponent during the war* Since the practical 
difficulties encountered in its use in the field soon convinced the other 
belligerents that this gas was not suitable for war use, it was never used 
by them. 

Dr. citing a French authority, says that an 

early os the end of 1916 the French hod filled great quantities of 
shells with bydrocyonie acid (Special Shell 4) and phosgene (Specif 
Shell 6), but hesitated to authorise their use at the front because of their 
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high degree of toxicity and lack of eplintcr effect. In this oonneotioD, it 
will be recalied that the signatories to the Hague Conventions of 1899 
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and 1907 bad agreed not to use ehefir the sole purpose of which was to 
diffuse asphyxiating gases, and had laid down the rule that a shell in 
which the toxic-gas effect was greater than the splinter effect came within 
the prohibited category. It is, however, difficult to understand the 
hesitancy of the French to make use of gas shells containing hydrocyanic 
acid and phosgene in view of their earlier use of gaa shell filled vith such 
cotnpomidH etbylsulfury! chloride and perohlormethylniercaptan, and 
the prior German use of gae shells filled with bromacetonc. To be sure, 
these earlier compounds were sufficiently laciimatory to be regarded as 
such, but they were also toxic enough to cause serious casualties and 
deaths in ordinary field concentrations and hence could not properly be 
excluded from the class of asphyxiating shell prohibited by the Hague 
Conventions. 

Regardless of whatever scruples the French may have bad against 
the use of hydrocyanic add and phosgene ehelb, they commenced their 
use in 1916. The phosgene shells were first employed at the front at 
Verdun on Feb. 21, and the hydrocyanic add (Vincennite) shells in 
the battle of the Somme, July 1, 1916. In view of the superior combat 
properties of phosgene, which antedated the introduction of hydrocyanic 
acid, it is not dear why the French ever dedded to use the latter. Per- 
haps the only valid reason is to be found in the fact that the German 
masks of early 1916 afforded adequate protection against phosgene, but 
\ery little protection against hydrocyanic add. Even this advantage, 
however, was short-lived for the Germans learned of the contemplated 
French use of hydrocyanic add a week before its introduction at the 
front and soon equipped their troops with mask filters capable of holding 
back this gas| These filters contained 1 gram of pulverised 

diver oxide scattered through the potash layers and afforded adequate 
protection against hydrocyanic acid. 

Hydrocyanic acid is derived by distilling a concentrated solution of 
potassium cyanide nith dilute sulfuric add and absorption of the 
vapors in water. The anhydrous form Used in battle was obtained by 
^iubsequent fractional distillation from the aqueous solution. When 
pure, hydrocyanic acid is a colorless liquid, of 0.7 specific gravity, which 
boils at 26'^C. {79*F.), yielding a light vapor, only 0.93 as heavy as air, 
'nith a faint odor resembling bitter almonds. The vapor is exceedingly 
volatile (873 mg. per liter at 20^0.) and persists in the open only a few 
minutes after release. In order to prevent the too rapid diffuston of Its 
vapors in the air, hydrocyanic add was not used in pure form but was 
mixed with stannic chloride, with the addition of chloroform as a stabi- 
liser to counteract a tendency to polymerise. This mixture was known 
aw ^‘^’'incenn^te,*' and was used on a large scale in artillery shell by the 
French. Later, hydrocyanic acid was also mixed with arsenic trichloride, 

173 

and known, ^ “Manganite,” Hydrocyanic add is miscible nith water 
in all proportions, but is slowly decomposedjthereby with the formation of 
ammonium cyanide. Anhydrous hydrocyanic acid is extremely unstablr 
and is quickly decomposed with the formation of a black resinous 
mass. However, it can be stabilised by the addition of small pi-r- 
cf'ntagcif of i^trong adds and by dissolving it in atonic trichloride or 
stannic chloride. 

According to Hederer and Istint the toxic action of 

hydrocyanic add is typical of the protoplasmic pontons. It suspends 
certain functions of the living cells, notably oxidation. By inhibiting the 
action of the respiratory ferments, it brings about a true internal asphyxi- 
ation. Under its influence, the tissues become incapable of utilising the 
oxygen of the blood and an analysis of the venous blood shoa-s that in 
oxygen and carbonic add contents it is very clow to the arterial blood. 
With the higher animals and above all with man, it strikes the central 
nervous system. After a short period of excitation, the pneuinogastric 
nerve centers, an well as the vai4omutor and respiratory centers, are 
liaralyaed. Then the poison, folltming its general action, gradually 
arrests cytoplasmic oxidation, and all the tissues suffer from an acute 
lack of oxygen. But, as the nerve <*eils are more seiwitive tlian the others, 
they pay first tribute to the inen^asing asphyxiation. Their functional 
death is then shown by noisy symptoms a'hieli dominate tlie scene and 



mask the divers accompanying troubles. 

Hydrocyanic acid is one of the most virulent ixjieons known. l\Tien 
injected under the skin 0.06 gram is lethal and Vedder (25, page 1S6) says: 
“The lethal dose by respiration is usually believed to be less than tiie 
above and our figures confirm this viei^'." 

Hov^ever, unlike most toxics, the poisoning effect of hydrocyanic acid 
is not cumulative, so tlmt Haber^s simple generalization dm^s not apply. 
On the contrary, the body seems to be able to neutralize tl\e effects of this 
gas up to a critical concentration of about 0.030 mg. per liter. Below 
this level, the poison is eliminated from the liody as rapidly as it is 
absorbed and no serious toxic effects are produc<‘d. Above the critical 
ciincentration, however, there is a rapid poisoning effect and death 
liLsues in a few minutes when the concentration reaches 0.300 ing. pt‘r 
liter. The lethal concentration for 10 minutes' exposure is 0,200 mg. 
liter and for30mimiW exposure, 0.150 mg. per liter. 

Because of its extreme volatility and the fact that its vapors arc 
lighter than air, it is almost impossible to esjtablish a lethal concentration 
of hydrocyanic acid in the field, and this is particularly true w hen the gas 
is put over in artillery sheik. This difficulty, coupled w'ith the peculiar 
action of hydrocyanic acid wherein it produces no casualties until a 
lethal concentration is established, made the use of this gas in artillery 
11 , . * 

shell a tragic mistake on the part of the French. Despite the vociferous 
controversiee among the Allies as to the effectiveness of hydrocyanic acid 
on the field of battle, the evidence from all sources ie now convincing that, 
extremely few casualties were caused by the French artillery shell con- 
taining hydrocyanic add, although the French used over 4,000 tons of 
ihk gaa in the war. 



Cyanogen Bromide (CNBr) 

Austrians: "Ce”; British: “CB"; Italian: *‘Campillit" 

TIjc Austrians introduced cyanogen bromide in fe^ptemlK^r, 1916, 
shortly after the French brought out hydrocyanic ai-id. Cyanogen 
bromide was first employed in a mixture with bromacetone and benzene 
(25 per cent CNBr to 25 per cent CHiCXiCHiBr and 50 per cent CJl,). 
lAter, as a result of poor storing qualities and a resulting d<‘crease in 
toxic effect, cyanogen bromide and bromacetoue were loaded separately 
into sheik. Cyanogen bromide was also used on the Western Front by 
the British (CB shell). 

Cyanogen bromide b made by treating a concentrated soluticm of 
potassium cyanide with bromine at OX. When freshly sublimed, it is 
a white crystalline solid, of 2.02 spedfio gravity, whldi melts at 52“C. 
(125.6'F.), and boils at fll.3“C, (142"F.), yielding a vapor 3.4 times 
heavier than air with a piquant odor and bitter taste. It is soluble in 
alcohol and in water, but hydrotises in the latter, yielding a iiontoxiG 
hydrate. At 20^. (68“F.) its vapor pressure k 92.00 mm. Rg and its 
volatility is 200.00 mg. per liter. Thus, as compared to nonperristent 
gases, generally it is highly volatile, yet it is only about onc-fourth as 
volatile ss hydrocyanic acid. 

The effect of cyanogen bromide on the body is similar to that of 
hydrocyanic add. It is, however, less toxic, but has, in addition, a 
lacrimatoiy and strong irritant effect. A concentration ss low as 0.006 
mg, per liter greatly irritates the conjunctiva and the mucous membranes 
of the respiratory system, while 0.035 mg, per liter is unbearable. Its 
lethal concentration for 10 minutes' exposure is 0.400 mg. per liter, w hich 
makes it somewhat more toxic than phoegene, but only about one-third 
as toxic as hydrocyanic acid. Moreover, it corrodes metals and suffers 
deiomposition thereby; it also is unstable in storage and gradually poly- 
merizes into a physiologically inert substance. In view- of the above, 
cyanogen bromide U rather unsuitable for use as a chemical agent and 
the success obtained from its employment in the World War was so slight 
that the Austrians abandoned it In faVor of the German Green Cross 
(diphosgene) ammunitiont 
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CTanogeu Chloride (CNCJ) 

French: Mauguinite " and “Vitrite*' 

Almost at the aame time that the Austrians introduced cyanogen 
bromide, the French brought Out cyah<^en chloride, in an attempt to 
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sfCUN* a. syKteinU' toxic gas that did m>t have the disadvantages of hydro* 
lyaiiic acid, i.e., a heavier and less volatile gas with cunujlati^-e toxic 
I'ffttds in low concentrations* 

Like its bromine analogue, cyanogen chloride is produced by the 
din'd chlorination of a saturation solution of potaisium cyanide at 0°C* 
It is a colorless liquid, of 1.22 .specific gra'i-ity, which boils at 15“C* 
(59*F*)p yielding a volatile irritant vapor l.ftS times heavier than air* 
At 20“C. (6S*F.) the vapor pressure of cyanogen chloride is 1,000 nun* Hg 
and its volatility is 3,300 mg. per liter, so that it is more voUtile than 
liydrocyanic acid* 

Although cyanogen chloride is but slightly soluble in water, it dis- 
Holves readily in the organic solvents. It is cliemically unstable and on 
storage polymerizes into cyanogen trichloride {CNCl)j, which is physio- 
logically far letw active* When mixed with arsenic trichloride, which 
increases the demdty of its vaiiors, cyanogen chloride is far moi-e stabh*, 
and for that reason it was used in this mixtui-e by the French under the 
ntune of ^^Vitrite*” 

The toxic action of cyanogen chloride is similar to that of hydrocyanic 
acid, but it is much more effective in low concentrations on prolonged 
exposure. Like hydrocyanic acid, in high concentrations it kills by rajnd 
paralysis of the nerve centers, especially those controlling the respiratory 
system, but, unlike hydrocyanic acid, in low concentrations (0*010 to 
0.050 mg. per liter) it is also irritant to the eyes and lungs and has a 
retarded toxic effect somewhat resembling that of the lung-injurant com- 
pounds. Its lethal concinitration for 10 minutes^ exi>osure is0.40 mg. per 
iit('r the same as that of cyanogen bromide. Cyanogen chloride is also a 
leuderate lacrimator, 0.0025 mg* per liter prodmdng t'opious la(*rimaficni 
ill u few minutes. 

Phenylcarbylazulue Chloride (CJIsCNCls) 

This compound has already been considered under the hmg-injuiant 
group, as its predominant action is against. the pulmonary .sy.stcnn. If 
does, iiowever, have a subsidiary effect resembling that of th<? systemit' 
toxics, which is attributable to the fact that it is chemically an isonitrile 
and, therefore, belongs to the family of cyanide? . Its systemic toxie 
effect is not important and it is mentioned here in order to complete its 
('lassification, 
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FUTITBS OF STSTIHIC TOXICS 

The systemic toxics are as a class the most virulent |>oisons known. 
They are, however, extremely volatile and their vapors are very light and 
iliffuse into the atmosphere with ealraordinaiy rapidity* They are alsri 
practically noneffective until a certain critical concentration is reacheil 
and then they strike with gr^at speed and vigor* Hence, in order to use 
tliem effectively in the field, it is necessary to establish the concentration 
with a high density in a minimum of time and under favorable meteor- 
olc^cal conditions, so that the enemy will receive a lethal dose in a few 
breaths before the concentration falls below its critical effective strength. 
Because of these requirements concemiug u?ie, the systemic toxics are 
neither economical nor certain of results on the field of battle. At the 
simie time, their toxidties and rapid actions make them very effective 
against small well-defined targete, especially where men are sheltered in 
dugoutflj deep trenches, woods, etc., where high concentrations may be 
established and maintained for several minutes* 
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CHAPTER IX 
VESICANT AGENTS 

By the term wswxmi ojenls we denote tbt>se compounds which venicaf e? 
OjU^tcr) tl^e human and animal body on any surface, either exterior or 
inferior, with which they come in contact* This type of compouncl 
constitutes the fourth claaa of combat gases use<} in the World War. 
Mfiwt of them are highly toxic substances and nearly all produce multiple 
plijrsiologtcal effects* Thus, some are fairly lacrimatory, others exert 
marked lung-injurant effects, while still others are systemic poisons* 
However, in all compounds classed as vencanta, the vesicant effect is m 
nnu'h more pronounced than their other effects as to constitute their 
dominant characteristic* Where the vesicant effect of a compound iw 



su Inordinate to its other physiological effects, the compound is elasdfied 
in some other class, c*f*, ethyldichlorarsine is somewhat vesicant, but its 
primary physiological action is on the pulmonary system of the body, and 
it is, therefore, considered a lung-injurant agent (see Chap* 'STI)* 

At the outbreak of the World War, over 70 vesicant compounds were 
known to sciencej yet only five were identified with the war* Of 
these, but two — dichlorethyl sulfide (mustard gas) and ethyldichlor- 
arsine — were actuaCy used, while the other three — chlorovinyldichlor- 
urwine Gewisite), methyldichlorarsme, and dibromethyl sulfide— were in 
process of investigation or manufacture at the end of the w-ar and were 
not actually used in battle* Of the first two, ethyldichlorarsine was 
primarily a lung injurant and was used only to a limited extent as a 
vesicant agent* While it proved to be quite effective, it did not play a 
V cry important role in the war. On the other hand, mustard gas Tvas 
w idely used by both sides and proved to be so effective that it became the 
principal battle gas of the last year of the war. In fact, so completely 
did mustard gas dominate the field of vesicant agents that the story of 
muHtard is practically the story of vesicants in the World War* 



GROUP CHARACT£1U3TICS 

While tile vesicant agents, in addition to vesication, exert divers 
lomplex physiological effects, their physical, chemical, and toxic proper- 
1 icM are such that they form a well-defined group with many characterh^ 
ilcr< in common, and for this reason they were grouped by the Oerjnai> 
midcT the general name of “Yellow Cross” substancee. 

Thus, the vesicants, although very soluble in the substance (rf animal 
tissues, have weaker chemical a Julies for living matter than the Umg- 

injurant agents. They, therefon', disintegrate more slowly and penetrate 
further into the tissues of the body, thus greatly enlarging their field of 
action. 

Vesicants, in general, are: 



1. Nonspnciftlized in their action on the body, u they desttroy thocriUilar struct arc 

Ilf ihp whcrcT¥r they couic in with them. 

2. Slow acting, jji producttig physiologicHl on the lH>dy* T^wi, tlirir toxir 

I'ffcrte do not commfiKM: to niaiiifwft tlifninelveH until fmm 6 to 24 KourH aft or expo- 

The>' arc eeldoin fetal (Use than 2 per cent doathu). 

3s Xontevcreihle in action, for their injury to the ccEtukr structure of the tjinueM 
ie pennanent. The lesions produced heal ia time, depending upon the depth of pene* 
tration of the veuicant ogent, but the reactioi) upon the original cells is irrcvoivibic. 

4. Low in 1 hrwhnld of action* Thua, mustard gju< produces definite itirapocitatinx 
effectn in eonoentrAtians flu ]ow m 1:100,000 (0.0065 mg. per liter) 'vritK 00 miouteK* 
expojpiiire* nnd on longer expomirc equal results are obtained with proportionately 
low'er concent mtions. 

5. High in lioiling point, 

As Ijow in vapor pressure Mid 'I'olatijity. 

7. High in peTBietciiry. 

8. Imtidioiirt in aetjem, giving little or no warning of their pre»enpc until injury i(« 
auKtoiiicd. 



CLASSIFlCAHOir OP VESICANTS 

'Hu' t'r^drants may be divided into two dasnes: (1) simpte voaicant'H 
whitdi ('Xt*rt a local action onlv; and (2) toxic vedcauts which, iit addition 
tti local ftt'tioii, ali«o exert a [*yatemic poisoning effect* The diMtinctini 
is not of great practical importance since all the simple vcHicanta fif 
wluch there in any ivcoid of use in the war exert their vedcant effe^'t 
in a subordinate manner only. That is to say, the known simple vesi- 
cants are predominantly compounds of other dasacti* Thus, dimethyl 
Htilfate, the only sijnple vesicant used in battle during the war, is a much 
more powerful lung injurant than a vesicant agent, and for that reason It 
is generally regarded ns a lung-injurant compound (see Chap* \TI)* On 
the other hand, mustard gas and the postwar vesicantij are all of the toxic- 
variety, so that from a practical-use viewpoint, we may regard the 
vesicant agents generally as toxic compounds. We do not mean to say, 
iiowever, that this will always be the cose, for it is entirely powrible that 
Nome new compound will l>e discovered, the vesicant action of which is 
simple yet so predominant as dearly to entitle the oompound to Ix' 
classed as a simple vesicant agtuit. 

Dichlorethyl Sulfide (S(CHiCH))tClt} 

German: “Lost”; French: “Yperite”; British and American: “Mustard 
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Thv hit rtxliM lion of musfnrd gtti! by tb*^ Germans on the uight of 
July 12, 1917, in the form of an artillery bombardment utc;iiu?(t tbe 

i7li 

British front near Ypres in Flandere^ marked the beginning of a new 
phase of gas warfare. It came as a complete surprise to the Allies and 
ransed thousands of casualties before any form of defense non Id he 
devUed against it. Its tremendous effectiveness perfectly illustrates the 
ever-threatening potential power of chemical warfare. 

During 1916 and the first half of 1917j the principal battle gases used 
were of the lung-injurant type, and these were based on the priiiriple of 
attacking the respiratory organs, for w'hich purpose they must ncct-sHarily 
l>e inhaled. But by the .summer of 19X7 the gas mask had Iw^eii so 
improved that it furnished full protection against all the knowTi hmg- 
Injurant gases, so that the only casualties produced by these gases wm. 
those where men were caught by surprise and were gassed before they 
{'ould adjust their mask^. In other words, gas defense had caught u]j 
ndth the offense. To break this deadlock, one of two things was neces- 
sary — either to find a lung*injurant type of gas that would penetrate the 
jnask or to diseover an entirely new type of gas that would go around 
the mask and incapaeitate by attacking some other part of the body. 
The German chemists solved both of these problems simultaneously by 
bringing out diphcnylchlorarsine (Blue Cross), whicli, wlien properly 
ilispersed, would penetrate any of the mask.^ as they were constructed in 

1917, (see Chap. X), and mustard gas, whir^h would go through clothing 
and e\ en rubber and leather boots and produce incapacitating huma on 
any part of the body with which its vapors came i?i contact. In addition 
to its iTsicant properties, mustard gas was esceedingly toxic, so that it 
.lIso cau.sed .serious casualties when breathed, even in very minute con- 
centrations. It was, therefore, an almost perfect battle gas, particularly 
in view of the total absence of any means of protecting the body against 
it^ even though the mask furnished adequate protection for the lungs. 
There is small wonder, therefore, that mustard gas wa.s soon recognised 
as the "king of battle gases,” and maintained this superior position 
thioughout the remainder of the war. 

The gas shells used in bombardment at Ypres on the 12th and 13th 
of July, 1017, were of 77- and 105-nun, caliber and were marked on the 
\uu*t or side with a yelioiv cross. The vapors arising from thewt^ hun^tiiig 
sliells had no immediate imtating artioii on the eye.^ or chest, and so at 
first the trtmps in the bornbardment suffered no discomfort from the gas, 
except irritation of the nose which caused sneezing. In the course of an 
hour or two, hovrever, the signs of mustard poisoning began to appear in 
the form of inflammation of the eyes and vomiting, followed by erythema 
of the skin and blistering. The conjunctivitis was marked and, by the 
time the gassed cases reached the easualty clearing stations, the men wctc 
\ irtually blind and had to be led al>out. 

The Ypres area wa.s shelled wdth mustard gas each night beginning 
July 12, 1917, until the end of the month, On the nights of the July 21 
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and 22 a particularly heavy bombardment with Yellow Cross shells was 
directed on Nieuport, which resulted in a heavy toll of casualties of a 
more serious character than the casualties fyoni the first mustard-gas 
bombardment at Ypres. 

Armenti&res was shelled with mustard gas on the night of July 20-21, 
1917j and on the night of July 28^29 a heavy Yellow Cross bombardment 
was directed on both Armentifercs and Nieuport. From then on, Yellow' 
Cross shells were used by the Germane extensively. It was not until 
July, 1918, that mustard-gas shelling of this type show'ed any marked 
diminution, and this was undoubtedly caused by a shortage of Yellow- 
Cross shells. 

During the first three weeks cif the mustard-gas period (July 12 to 
Aug. 1, 1917) 14,276 cases of gas-sliell poisoning w'cre admitted to the 
British casualty clearing stations and about 50t) deaths occurred among 
these casea. In this brief period, therefore, the Yellow Cross shelling had 
accounted for more casualties and practically as many deaths as the 
entire previous shelling w'ith lung injurants. The total gas-shell casual- 
ties admitted to British clearing stations from July 21, 1917, to Nov. 23, 

1918, w ere 160,970, of which number 1,859 died. Seventy-seven per cent 
of these casualties w'ere due to mustard-gas poisoning, 10 per cent were 
due to Blue Cross (dichlorethylatsine) gas poisoning, and 10 per cent to 



Green Cross gas poisoning (phosgene, diphosgene, chlorpicrin). 

Concerning the important role play^ by mustard gas in tlie war, 
Dr. Mueller says: 

The German Front would never have succeeded in withirtflndjng the powerful 
oniUught Of the ooaceutratod fortses and w'ar materinlfl of almost the whole world if 
German ehemists had not at that moment held the pTotwtmg shield of the " Yellow 
Cross Substance" (mustani gas) before the German aoldient and at the same time 
thrust into their hands a now sharp pword in the form of the "Blue Crow Substance." 

Altogether about 12,000 tons of mustard gas were used in the war 
and this caused a total of 400,000 casualties, from w liieh it i.s seen that 
erne casualty w^as produced for every 60 lb. of imistard used, as eumpantl 
to one casualty for every 230 lb. of lung injurants used in the w ar. 

Like the other World War gases, mustard w-a.^ not a new' or unknuw ti 
compound. On the contrary, it w^ discovered sixty years before the 
outbreak of the W'ar, and its chemical and physiological properties had 
been studied and were known to science for many years. MusUrd ga-‘« 
w^as first obtained (in an impure form) by Richie in 1854 (15, page 235). 
In 1860 it was independently prepared by Guthrie and Niemann by 
passing ethylene Into sulfur chloride; both of 

these chemists accurately ^nd almost prophetically describing its high 
toxic and vesicant properties. Thus Guthrie says: '^Even the vapors of 
this Hubstance W'hen in contact with the more delicate parts of the skin of 
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the body cause the most serious destruction,” In 1886 the German 
chemist, Victor Meyer, prepared mustard gas by the action of hydro- 
chloric acid on thiodiglycol and described the temble effects of th(^ 
product. Finally, in 1891 the opthalmologist, Theodoto Leber, made a 
summary study of the toricity of mustard gas. 

In searching for a more effective combat gas, therefore, the Germans 
had availalde many data in the literature concerning mustard and had 
only to make it in quantity production and test it in the field. This they 
did quite secretly in the spring of 1017 and were so well satisfied with the 
rcfsults obtained that they adopted it as an artillery-shell filling and 
accumulated a large quantity of these (Yellow Cross) shell before the 
Allies were aware of this development. 

In its pure state, dichlorethyl sulfide is a transparent amber oily 
liquid, of 1.27 specific gravity, w'hich boils with slight decomposition at 
217“C. (422.fi"F.), yielding a vapor 5.5 times heavier than air. It is 
almost odorless in ordinary field concentrations and in strong concen- 
trations resembles horse-radish or mustard. Hence the origin of the 
English name — “mustard gas^ '--although this substance has no relation 
chemically to the true mustard oils. It solidifies at 14*C. (57T^.) t(> 
form white crystals, and for this reaeon was used by the Germans diluted 
with a solvent to lower its freezing point and maintain it in a uniform 
(liquid) state under all ordinary temperatures. 

The vapor pressure and volatility of mustard gas are Iotv, as shown by 
the follow'ing tabulation; 



Temperature 


Vapor pir«t»Alire, 
mm. Hg 


, Volatility, 
mg. per liter 


"C. 


*F. 


0 


32 


0.0360 


0.250 


5 


41 


0.030n 


0.278 


10 


50 


0.0350 


0.315 


l& 


59 


0.0417 


0.401 


20 


63 


0.0650 


0.625 


25 


77 


0.0906 


0.95S 


30 


86 


0.1500 


1.443 


35 ' 


95 


0.2220 


3.135 


40 


104 


0.4500 


3.60(1 



Breaustr of its low' volatility, mustard gas is -I'ery persistent in the 
field, varying from one day in the open and one w'eek in the woods in 
summer to several -n^eeks both in the open and in the w'oods in w-inter^ 
Us great persistency is the principal limitation on its use, as it cannot be 
used on the tactical offensive w-hcre friendly trooiw have to traverw or 
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iM'i'upy the infected ground. However, by the same token, mustard is 
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ppfruliarly Sydapted for use in the tactical defensive, particularly to prevent 
the occupation by hostile troops of ground evacuated on a withdrawal. 

Diehlorethyl sulfide {mustard gas) watrmade by two radically different 
j>rocePscs during the war. The Germans used the more complicate proc- 
i’HS of \'ictor Meyer because they had already available faeilitiefi for 
manufacturing the principal components and had only to erect fadlities 
f(jr the final step in the process. The German process was briefly as 
follows: 

1, Ethylene chlorhydrin was converted into tbiodiglycol by sodium 
Kulfide according to the equation 

/CHiCHt(OH) 

2(C1CHjCHj(OH)>+ NaiS - S< + 2NaCl 

x:h,ch,(OH) 

2. The thiodiglycol m-as chlorinated by treatment ^ith gaseous 
hydrochloric acid, according to the equation 

S< + 2HC1 = S< + 2H,0 



1'lje German process had two outstanding advantages, viz.: {!) the 
intermediate products possessed no dangerous properties, and hence there 
was no danger to personnel working in the plants on any of the inter- 
mediate steps. The only danger involved in the a'hole process was in the 
last step of chlorinating the thiodiglycol to form mustard gas. This was a 
relatively simple reaction that was easy to control, and hence the danger 
to personnel was far less than in many of the steps of the otlier process. 
(2) The yield was high and the product pure, since the only other end 
product was water, which was easily separated by distillation. 

On the other hand, the German method had the fomndable objection 
of l>eiiig a very complicated process, particularly in the methed of making 
the chlorhydrin. To make this intermediate, three steps requiring care- 
ful f'ontix^l wei-e necessary: (1) alcohol was split into ethylene by passing 
its vaporw over aluminum oddeat300“C.;(2) the ethylene gas was pumped 
into large rear'tors containing chloride of lime paste which was carefully 
cooled during the proe<^; (3) the resulting ethylene chlorhydrin was 
foif'cd rmt of ttie lime paste by steam. 

While tiie foregoing steps in the German process of making mustard 
gas s('em simple, in reality they were very difficult and only a chemical 
technique excellently organized and backed by a wealth of experience 
™uld successfully cope Mith the technical difficulties encountered. 

Lai^king the facilities and experience in making the intermediates 
required in the German prucesa, the Allies turned to the older process of 
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Guthrie and Niemann, in which dichlorethyl sulfide is formed by the 
direct action of ethylene gas on sulfur monochloride {see Chart. XIP^ 
according to the equation : 



2 C,Hh -h SiCI. = SC + s 

N^HtCHjCl 



While this reaction under proper i^jiiditiohM prineed.^ f+niouthly, 
there are actually encountered in quantity-production ojn»raiions ?ie\'eraJ 
very formidable difficulties. Tluw, the reaction nrrurs spontaneously 
^ith the evolution of much heat. Sulfur is set free, and the temperature 
must be carefully controlled in order to keep the sulfur in colloidal sus- 
pension and thus prevent its precipitation in M>lid form in tlie reaction 
vessels and connecting pipes. There is also con.siderable difficulty in 
separating the mustard gas from the colloidal sulfur, so that the resulting 
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product was not so pure as that from the German process, although if 
seemed to be equally as effective in the field. 

It is difficult to emphasize sufficiently the extreme danger that is 
involved in working mustard gas even under the best of conditions. 
The workmen must be equipped \^ith masks and the most efficient pro- 
teidive clothing, and everything coming in contact with even the vapotw 
of mustard gas must be decontaminated at once with chloride of lime or 
other neutralizing agents. Notwithstanding all these precautions, casual- 
ties will occur owing to carelessness, and only the most rigid discipline can 
keep them within reasonable bounds. 

While mustard gas is only slightly soluble in water, it is ekwiy decom- 
posed thereby. When it is cold, the rate of decomposition is approxi- 
mately 1 gram of mustard per liter of water in 30 minutes. When it is 
warm, the decomposition proceeds more rapidly \\ith saponification and 
the formation of thiodiglycol and hydrochloric acid, according to the 
reaction : 




H,CH,C1 

HaCH^I 



+ 2H,0 



XH,CHt(OE) 

X)H,CH,(OH) 



+ 2HC1 



This hydrolysis takes place on contact with moisture in the air or 
with water on the ground and thus mustard gas is slowly destroyed 
wherever these conditions are encountered; the rate of destruction 
depends upon the amount of water and the temperature. The hydrolysis 
of mustard gas is also accelerated in the presence of alkalies, alkaline 
carbonates, and the eolventa of mustard that are miscible ^ith water, 
such as alcohol. It is rapidly dissolved by the organic solvents, such as 
ether, chloroform, and acetone, by the light paraffin hydrocarbons, and 
by all of the organic fats, both animal and vegetable. It is, however, 
soluble only with difficulty in the mineral oib and in vaseline and paraffin. 

Mustard gas is also progressively soluble in gums, such as caoutchouc 
and rubber; it easily goes through leather and fabrics of cotton and linen. 
Hence mustard readily penetrates leather and rubber boots and gloves 
and all articles of clothing, especially if these are brought in direct con- 
tact Mith liquid mustard. It is because of these remarkable powers of 
solubility and penetration that mustard gas is so difficult to protect 
against. In fact, the only reliable protection is the destruction of the 
mustard-gas molecule by decomposing it into its relatively harmless 
constituents. 

In striking contrast to its marked physical activity in solution and 
penetratioii, the chemical activity of mustard gas is rather limited, e.ff . , 
its slow hydrolysis in contact with water. Its great chemical stability- 
increases the difficulty of decontaminating infected materials with 
hypochlorites. Howe\^er, mustard reacts violently with the evolution 

185 

of great heat, the resulting products being mustard sulfoxide and calcium 
chloride, in accordance with the equation; 



CaOCl,+ 



n:h,ch,ci 




HtCHtCl 

HfCHjCl 



+ CaOt 



As the sulfoxide U nontoxic, calcium chloride has been widely used to 
destroy mustard. On the other hand^ when very strong oxidizing agents 
are used, two atoms of oxygen are fixed to the sulfur atom and the 
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ri 'suiting product^ called mu^rd eulfonef is very toxic. This curious 
phononienon adds further difficulties to the problem of decontaminating 
material infected with mustard: 

Chlorine also attacks mustard vigorously and con’^'erts it into harm- 
less higher elilorjd™, according to the equation: 

/CHiCHjCl /CH,C1CHC1 

CU + S< - S< 

^CHjCHaCi N:H,acHci 

'Hie danger of dissociating mustard into toxic products is, therefore, 
avnided by the use of chlorine or chlorinating agents, such as dichlor- 
iiniine T and sulfur di chloride* 

Mustard gas is lethal m concentrations varying from 0.006 to 0.200 
mg. per liter, depending upon the time of exposure* Generally speaking, 
when inhaled, 0*16 mg* per liter is fatal on 10 minutes' exposure and 0.07 
mg. per liter on 30 minutes' exposure. Concentrations as low as 0.001 
mg. per liter on 1 hour's exposure, will attack the eyes and render the 
victim a casualty from conjunctivitis. Mustard is thus five times more 
toxic than phosgene, whl<‘h adds greatly to its effectiveness as a combat 
itgrmt . 

Concerning the complex physiological action of mustard gas, we can- 
not do l>etter tlian to quote General Gilchrist as 

follows: 

Muriftard is classified ns a vesicant gas* * * . At first it acts as a edl Lmtant, and 
finally an a cell poison. The first aymptoms of tmistaid-gAS poisoning appear in from 
t to 0 houn, but a latent period up to 24 hours may occur. The length of this latent 
period depends upon the concentration of the gas. The higher the concentration the 
shorter the interval of time between the exposure to the gas and the first aymptoms 
arising as a rcuult of muatard^as poisoning* 

The ph^niologioai action of mustard may be ctaBsified as local and general. 
The local action results in conjunctivitis or iDfiammatioii of the eyes; erythema of the 
jakJn. which may be followed by blistering or ulceration and inflammatory reaction 
of the noee, throat, trachea* and bronchi. . . . 

It is of interest that rauial Aiisceptihility tu the toxic action of mustard gas exists; 
^vijites arc more susceptible than negroes. There is also an individual susceptibility 
U' tlio toxic action of mustard gae> particularly of the skin, and also of the mpiratory' 

1 rjipi . 

1S6 

A great deal of time has been devoted to a Sftudy of the mechanism of 
action of vesicants in general and mustard gas in particular, and a 
number of theories have been propounded to explain the toxic action of 
mustard on the li%ing organism. Space does not permit & detailed 
aeeotiiit of these theories here. Suffice it to say that the simplest and 
insist generally accepted theory is that the toxic effects of mustard aje 
caujtcd by the protoplasmic hydrolysis of the diehlorethyl sulfide molecule 
and the liberation of free hydrochloric acid in the living cell. Concerning 
this theory Vedder says: 

Diehlorethyl sulphide ia very clightly eoluhle in water and freely BoUiWe in oigunir 
Holventfi, that ies, a high liquid wlubility or partition oorifident. It would, then^ 
fore, he cxpwsted to penetrate ccIIb very rapidly* lu rapid powore of penetration ari' 
puM-tipAlly proved by itH effects upon the skin* Having penetrated within the living 
rell, hydnolysiw might occur* The liberation of free hydrochloric acid within (he cell 
would produce serious effects and might account for the aettone of diehlorethyl suh 
phide. The mechouiam of the action of diehlorethyl sulphide according to rhit^ 
theory appears to be as follows: 

a* Rapid penetration of the eubstanoe into the eell by virtue of ita high Updid 
Hdluhility. 

h. Hydrolysis by the water w'Lthin the cell, to form hydrochlorie acid and dih>‘- 
drexyctlud sulphide. 

c. The destructive effects of hydrochlarie acid upon some part' of the nbc^^hanism 
of the eelL 

This theory is very simple, and hae been veay genenill 3 ' aceepted. 

Whatever the theory of aothm, mustard is a cell potaou, exert ing its nwrotiairig 
action on all cells with w*hich it comes directly in contact, including the skin and 
murous inembranoS) with all their atructurw. The captharies and other oigaus that 
mustard reaches become paralyzed* 

It is well known that the injuries produced by mustard heal much more slowly than 
bmru^ of similar intensity produced by physical or other chemicaL Ogeueica* This 
charaeteristio is explained by this action of mustard on the bl<K>d vessels which are 
rendered incapable of carrying out their functions of repair; and by the fact that 
necrotic tisaue acts as a good culture medium. Hcncc the groat liability to infection 
of mustard bums. 

One of the greatest dangere from mustard gas U the Uck of any 



positive means of identifying it in low concent rati onw in the field* While 
it has a characteristic odor reisembUng iimstard or hor^ie-radieh in stivjiig 
ituicentrations, this odor is very faint in concentrations whi<di are wtil! 
datijncrous on exposure® of more than 1 hour Thus, the odor is said to 
l.>e detectable at 0.0013 mg. per liter, but a concentration of 0*0010 mg, 
per liter ’will cause casualties from conjunctivitis on 1 hour's exposure, 
and such a concentration cannot be detected even by the keenest per- 
ception, Moreover, the sense of smell for mustard gas is quickly dulled 
after initial exposure, so that much stronger concentrations go unnoticed, 
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*Also, many odors, such aa those produced by the stronger lacrimators, 
mask the odor of mustard gaa so that it became a common practice to use 
lacrimators ’with mustard for this purpose. 

The impossibility of detecting mustard gas in the field and the 
insidious action of this gas, 'which causes no noticeable symptoms until 
several- hours after exposure, resulted in thousands of casualties in the 
war which might have been prevent^ had there been any positive mean?f 
of detecting mustard and warning troops of its presence* The great 
im[X)rtance of this problem caused much effort to be expended in attempts 
to devise a reliable chemical detector which was practicable for use at the 
front, but these efforts proved fruitless and the problem still remahi-s 
utisolved. 

Since mustard freezes at 14^0* (oT'T*), it is desirable to add to it 
a small percentage of solvent to keep it in a liquid state at all temper- 
atures ordinarily encountered in the field* If a solvent is not used and 
the mustard-gas filling in artillery shell changes from a liquid to a solid, 
with change in temperature, the ballistic behavior of the shells is seriously 
affected. For this reason, both the Germans and French added from 10 
to 25 per cent of some easily ’^^olati^e solvent such as carbon tetrachloride, 
clilorbenzene, or nitrobenzene. The Americans found that chloipicrin 
i ould also be used as a solvent with equally satisfactory results and with 
the additional advantage that the solvent was toxic. 

Not only does the addition of a solvent facilitate the ballistic behavior 
of mustard-gas shells, but it also increases the I'olatility of the mustard 
charge in winter weather and renders it more effective on the terrain. 
Depending upon the solvent used and the force of explorion of the 
bursting charge in the shell, the mustard-gas solution is scattered in the 
form of gas clouds, or a finely divided spray composed of liquid particles 
vaT3ring in size from an atomized mist to droplets resembling fine rain. 
These liquid particles are very stable against humidity and cling firmly 
to the ground and vegetation* The clouds of mustard vapor formed by 
the explosion of shells are not at all visible in dry weather and onlj^ 
slightly 3'isible in damp weather. They are effective for about 6 hours 
on open terrain and for 12 to 24 hours in places protected by vegetation 
from the wind and sun* 

The mustard-gas drops penetrate with great speed and facility any 
objects with which they come in contact. They easily penetrate leather 
and rubber boots, uniforms, and other articles of equipment worn by 
soldiers* The mustard liquid is thus easily carried about by soldiers 
and spread and evaporated in other previously uninfected places. Fr^ 
queutly in the late W'ar all the occupants of a dugout were contaminated 
and made ill by the mustard adhering to the clothing of a single soldier 
whf» was not even au are of its presence, 

l«4i 

Not only is mustard gas spread over the battlefield and surrounding 
area® by the transfer of droplets and the carrying of the liquid substance 
in clothing^ etc., but also by the wind blowing across infected areas and 
saturating the air more or less ’with the evaporating mustard fumes* 
Practical field tests have showm that winds not exceeding 12 miles per 
hour, blowing over a normally saturated terrain, may transfer concen- 
trations of mustard vapor sufficiently strong (0*070 mg* per liter) to 
cause death witliin 30 minutes, for from 500 to 1,000 yd. downwind. 
Connequently, every mustard-gas bombardment has a direct or immedi- 
ate effect produced by the liquid spray and the resulting gaseous cloud, 
as well as an indirect or continued effect produced by the evaporation of 
the liquid substance from the infected area. The latter may be trains 
ferred by the wind in effective concentrations to a distance of from 600 to 
1,000 yd* downwind or by men who come in contact with the liquid 
droplets scattered over the infected area and carry them to other places 
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clothing and other material. 

With its far-reaching diffiwsion over the battlefields, its insidious 
uction, and its manifold physiological effects, it is no wonder that mustard 
gas became the “king of battle gases and, pound for pound, produced 
nrarly eight times the number of casualtieB produced by all the othf^r 
battle gases combined. 

Compared with the properties of the ideal battle gas, as set forth in 
pages 47 and 48 of Chap. II, mustard gas meets the following requirements : 

1. Ven' high tOTticity (0,16 mg. per Kter is fatal in 10 minutes). 

2. EKtremc multiple pff<*ctivenws, 

3. Very pcnsisteiit, ivhieh grefltly UmitB uh in the Urtioal nflenaiva but 
iiiereuMW its value on the defensive. 

4. EflfuetB of long d amt ion, but not permanent, 

6. Effect is dplHved for from 6 to 24 hours, which reduces its otTansivi- liutlLe 
power, 

h. Extremely insirlinns in action. No wariiiug prupertiea or symptoms. 

7. \ oUtility \n \ti\w The maximum field concent rut ion ib 3.66 mg. per liter on a 
hot day. This is Biiffiriciit hsr frmn 10 to 50 fimcB » fatal rtuae. 

5. Exiremcly |a^iietnilive to all forms of orgnnie mutter. 

W. Vapor is invlriihie iit dry weather and only faintly visible in ihmip wradier. 

It). Practically odurleKs in urdiiiary held eiuu-cnlfalious. 

LI. Read>' availability of raw materialH (ak-uhol, Bulfiir, and chlorine). 

ta. Difficult to inmuifHCture, but prw'ew is now well worked out iti all prineipal 
couo tries. 

13. Chemical alabiUly jb very high. 

14. HydrolvEHs tmly i-ery slowly at ordinary temperatures. 

15. Withstanda explosion without decomposition. 

16. Not a soli<l at t<^mperatnnes above 57“F. 

17. Melting point is not above inAKimunk atmoapberic temporaiures. HeiKV, 
Use of Holveht hi advipiable. 

18 "oilitig p<nnt, 217“C. (422.6“F.) is ver^- high. 
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19. Vapor pressure is low but sufficient to establish letbal ooncentiatkme at ordi- 
nary tompemlureB. 

20. Specific gravity (1.27) is below 1.60, 

21. Vapor deoeity U 5.5 times that of sir. 

From the foregoing summary, it may be seen how close mustard gas 
approaches the ideal battle gas in most of the important requirements, 
F<jr thia reason and the fact that it is extraordinarily difficult to protect 
against, mu-stard gas is assured of a secure position in the future, and it 
is safe to predict that mustard gas will play a dominant role in future 
chemical warfare until replaced by a more effective agent w^hich has not 
a.-? yet made its appearance. 

Ethyldichlorajaine (CiH^Clg) 

German: “Dick” 

Ethyldichlorar^ne is a difficult gas to classify according to physiolog- 
ical action as its effects fall in three different classes. It acts as a lung- 
injurant agent with a toxicity about the same as that of phosgene; it is 
also a pMDW^erful sternutator with about one-fifth the irritant effect of 
dipheny Ichloraraine ; and, finally, it is a moderately powerful vesicant, 
with about two-thirds the skin-irritant powder and oiu^-sixtb the vericant 
power of mustard gas. How’cver, since its casualty pow'er b chiefly by 
reason of its lung-injurant effect, it is logical to regard this compound 
as primarily a lung-injurant agent with secondary sternutatory and 
vesicant effects, and it is accordingly grouped with the lung injurants in 
Chap. VIL Ethyldichiorarsine is again referred to here, not only 
hacause it is fairly vesicant, but also because its origin and early history 
are associated with the vesicant agents. 

The experience of the Germans with the use of mustard gas during 
the latter half of 1917 showed that a vesicant t)i>c of gas was the most 
effective casualty producer yet devised but, on account of the great 
jXTsistency of mustard gas, it could not be used on the tactical offensi^'c, 
where the infected ground had to be immediately traversed or occupied 
hy friendly troops, w'ithout prohibitive losses. Mustard also had 
thi» further disadvantage that its effects w’cre delayed sc\''erfll hours and 
therefore it did not immediately incapacitate men so as to make it of any 
great assistance in local attacks. Having in mind the grand offensive 
planned for the spring of 1918, Germany called upon her chemists to 
produce a quick-acting nonporsistent vesicant agent that could be used 
to better advantage in offensive tactical operations. Ethyldichiorarsine 



vrae the answer to this demand and was introduced by the Germans iu 
March, 1918, at the beginning of their gr^t spring offensi^^e on the 
IVestem Front. 
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To distinguish it from mustard gas, ethyldichlorarsme w^aa first 
called “Yellow^ Cross 1,” and it was intended to be used as a typical 
offensive combat agent along witli the “Green Cross” (phosgene type) 
rfhellft. Somewhat later it w as found that the effects of ethyldichiorarsine 
w'cre'not primarily vesicant, but rather lung-injurant, and the vast 
majority of the casualties produced w'ere from the latter effect. Accord- 
ingly, the claasififfltion designation of this gas w'as clianged from “Yellow^ 
Crows I ” to “Green Ci-oss 3,” and it was used as a lung-injurant type of 
gas during the remaiiidt^r of the war. 

For further informalion concerning ethyldichiorarsine, see pages 166 
et seq. 

Chlorvinyldichlorarsine (CHClCHAsCli) 

American: “Lewisite” 

Chlorvinyldichloraivine is Americans principal contribution to the 
niGieria ehemica of the World War. It was first prepared in 1917 by 
Dr. W. Lee Lewis (from w hom it takes its name), in an effort to cn?ate a 
compound that would cominne the vesicant af'tion of mustard gas with 
the systemic jmisoning effect of arsenic. Lewisite is a typical example of 
the evolution of chemical agents. It will be recalled that in the summer 
of 1917 the Germans had introduced two radically different tyjies of 
agents: (1) a ve.ricant gas (mustard), w^hich penetrated the clothing and 
burned the l>ody w herever it came in contact and thus produced casual- 
ties without having to penetrate the mask; (2) a sternutatory gas 
{ dipheny Ichlorarsine), which contained arsenic and, when projierly dis* 
peraed, easily penetrated ail existing masks. 

Mustard gas was trenumdoUKly effective as a casualty producer but 
had two Rcriokis defects? from a tactical viewpoint. It was too persistent 
to be used on the offen,«ive, and its physiological effects were not manifest 
for .>!^veral liour.'i after cxjxjsim^ that it could not lie counted upon to 
pnducc casualfi<»s during the prt>gress of the attack. On the other hand, 
diphenyl chlorarsine wa.^ 4 ery disappointing. Owing chiefly to technical 
errors in tho method of its dispersion, it w'as surprisingly ineffective on 
the battlefield, although it w-as highly toxic, was nonpersi>?tent, and 
readily penetrated the mask. 

Tlie year 1917 then closed with the Germans in ponsession of the 
nujsf effective defensive chemical agent yet devised (mustard gaa), bnt 
with no satisfactory offensive agent, since the masks of 1917 afforded 
adequate protection against all the lung-injurant gases in use. During 
tlie winter of 1917-1918, the German High Command w'as planning the 
gr*-at spring offensive to commence in March, 1918, and must have been 
much impivssfd with the vast number of casualties produced by mustard 
gas during the iitabiliacd warfare in 1917. It was thcr<*fore only natural 
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for it to call upon the German chemists for a nonpertistmt vesicant that 
would produce immediate casualties. Ethyldichiorarsine was the result 
of this demand. 

This compound was nonpersistent, quick-acting, hi^ly toxic, and 
(contained arsenic. However, it wan only about one-eixth as vesicant as 
mustard gas, did not penetrate clothing to anything like tho same extent, 
and was completely stopped hy the existing gas masks. Ethyldichlorar- 
sine proved to be such a disappointment that, W'hen the spring offensive 
nf ^larch 1918, was launched, the Germans resorted to the use of a com- 
bination of Yellow, Green, and Blue Cross shells as their principal 
offensive w’capona. The Yellow^ Cross (mustard gas) were used on sectors 
not to be penetrated by the Germans during the attack, and the Green 
Cross (diphosgene) and Blue Cross (diphenylchlorarsine) were used as 
the main artillery preparation in sectors w^here the attacks were to be 
launched* 

Closely watching these developments during the spring of 1918, the 
Americans became convinced that w'hat w^as most needed w-as a more 
effective gas of the ethyldichiorarsine type, f.e,, a highly toxic, non- 
perwifitent, quick-acting, vesicant compound containing arsenic. Lewisite 
was the result of an intensive effort to produce such a compound. How' 
well they i^ieceeded only time can show, as lewisite was produced too late 




POOR MAN'S JAMES BOND Vol . 2 



228 



CHEMICALS IN WAR 



f(>r use at the front- It vi’as not until October, 1918, that the manifold 
Tef'hnical diffieulticj^ of mass production were finally overcome and manu- 
facture commenced. The first lot manufactured was ready for shipment 
in No^'ember when the Armistice intervened, and it was destroyed at sea. 

Curioiisly enough, the Germans claim that they not only know about 
W-isite before the American discovery, but had actually manufactured it 
during 1917 and 191S. Thus, Hanslian says: 

Tt IK evident from the tuibllcationsof the Germtiii chemist, H. Wieland* (H. WiclanM 
iiml A. Blocmer: “tTber die Syntheee der orKanimchen An»m)dprivote" in “Liehien 
\riniilen f|er Chtimie,” vol. 4Sl, page 30) that even before iLie Amei-li-nn difieoveri' 
■ ri1or\ mvldiehlotainine wa? manufactured during the war in 1917 and 19] 3 in Gcr- 

according to the GermaW own special methods end independently of Lewi»i' 

synthfl}<is. 

If this is true, it would seem that Germany made a serious error in 
not employing lewi.‘?ite in the offensives of 1918, fts comparative tests have 
f^hown its su|X‘riority, in many respects, over the compounds used in 1918. 
That tills opinion is shared by the French may be inferred from the 
following paragraph from Hederer and 1st in* 

The true vesicani lahtine? have not yet submitted to the proof of battle. They. 
MiAerPiclfSH, meril utlention by reason of their strong activity and their multiple 
i fToi la. One tran already consider them as peraiEtent? of rapid aggitAsiveriHu, capable 
i^r p] a villa fwvutiiflMy a militarv role of the finrt nrdcr. 
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The method of making lewisite was suggested by the analogous 
method of mustard-gas manufacture used by the Allies, Thus, mustard 
is formed by the action of ethylene on sulfur monochloride, while lewisite 
is produced by action of acetylene on arsenic trichloride in the presenct' 
of aluminum trichloride acting as a catalyst. The dark brown viscid 
liquid which results from this latter reaction is decomposed by treatment 
with hydrocliloric acid at D“C, (32*F.), and an oil is obtained which 
can lie fractionated by distillation in vacuo into three chlorvinyl deriva- 
tives of arsenic trichloride. These derivatives, whicli differ from each 
other only by the successive addition to the arsenic trichloride of one, 
tirt'O, or three molecules of acetylene, are as follows (see Chart XIII) r 



yCi 

CiHj H- A^Cl, = ClCH:CH.As< 

^Cl 

0-Ch)orvinyldichlorarsine) 

(Primary lewisite) 

ClCH:CHv 

2(CaHi) + AsCl, - >AaCl 

C1CH:CH/ 

( j3j(5 ^-Di chlor vinjrlchlorarsine) 

(^condary lewidte) 

C1CH:CH. 

3(C,H,) + AsCli -= ClCHiCH^As 

ClCHtCH^ 

{d/S^j&"-Trichlorv iny larsi ne) 

(Tertiary lewisite) 

During the initial reaction considerable heat is liberated and great 
care must be taken to keep the temperature from rising by regulating 
the current of acetylene, as othenxise violent explosions may occur. The 
reaction products are also explosive, and for that reason it is impossible 
to separate them by direct distillation. Hence, they must be treated 
\rith hydrochloric acid until all the aluminum compounds are dissolved. 
During the distillation of the resulting oily liquid, the unconverted arsenic 
trichloride pa,sses over first (up to G0®C.); next follows the primary lewis- 
ite (up to 100 °C.)' finally, the balance passes over above 100“C. as a 
mixture of eeeondary and tertiary lewisite^t. The initial distillation 
yields only about IS per cent primary lewisite, which is the most active 
and the preferred product. However, the secondary and tertiary frac- 
tions arc subsequentlj" converted into tlie primary form by heating under 
[>ressurc to 210°C, with an excess of arsenic trichloride, so that the ulti- 
mate loss is small. 

All the lewisites are liquids at ordinary temperatures, having boiling 
points ranging lietween 190* and 260*0., and all are irritating and 
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poisonous compounda but not to anything like the same extent. Thus, 
primary and secondary lewisites are both highly toxic vesicants, the pri- 



mary form being more toxic and less vesicant than the secondary, while 
the tertiary fonn is very much Jesa active and is practically of no value as a 
chemical agent. As the primary form is by far the most active, it b the 
form into which the mixture was practically all converted. Thus, 
wherever the term, ’Mewisite" is used without qualification, it will be 
understood to refer to primary lewisite (/S-chlon inyldicblorarsine). 

Pure lewisite is an oily colorless to light amber liquid, of 1.S8 specific 
gravity, which boils at 190X. (374*F.), yielding a dense vapor 7.1 times 




Chart Xlll.— Mnnufneiure of lein«t« {flow ihwi). 



heavier than air with a faint odor resembling geraniums. It is? readily 
wluble in the usual organic solvents and petroleum, but is not dissolved 
ly water or weak acida. It is, however, ratiier easily and quickly 
drromposed by hydrolysis, yielding hydrochloric acid and an oxide of 
d I lor\'inyl arsine, according to the equation: 

ClCH:CH.As:Clt H- HaO = 2HC1 + ClCHK^H.AsK.) 

Howe\^er, unlike mustard gas, one of the bydrolysi.^! products of lew- 
isite (ClCHK^H.AsO) is a vesicant nonvolatile toxic which is not readily 
wa^ihed away by rains. Hence, while le’wisite may be quickly destroyed 
by hydrolysis in moist air and on watery terrain, its combat value h not 
lost, since ground which haa been contaminated with lewisite nill remain 
dangerous from its oxides for long periods of time. In other word.s, one 
should not regard hydrolysis as immediately destructive of the toxic ami 
^'esicant powers of lewisite, but as a pruf^ess in which the compoutid 
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changes its state, while at the same time retaining its physiological 
powers in a new form. This view is important in arriving at the true 
combat value of ie’B'isite, as far too much emphasis has been placed upon 
its suceptibiUty to hydrolysb, quite overlooking the fact that, in addition 
to the combat value of ita hydrolysis products, the vast majority of situ- 
atioua in which leiftisite would be used would not involve sufficient 
moisture to destroy it. Most terrains over which armies fight are moder- 
ately dry, and the great majority of the days in most parts of the north 
temperate aone are clear. Also, it must be remembered tliat in cold 
frozen countries and hot dry countries hydrolysis is of little iinportauee. 

Like mustard gas, lewisite is almost immediately dec'omjHised in tin* 
presell ce of alkalies, such as caustic soda (5 per cent solution) or ammonia, 
and by active oxydanta, such as chloride of lime and the hyixichkirites, 
the reai'tion being greatly accelerated by heat. Hence terrain and 
mat(*rial contaminated with lo'uisite are decontaminated with the same 
materials as mustard gas. Also, like mustard, lewisite readily penetrates 
clothing, leather, rubber, and the tissues of the body, and heiK'c is ju.st a^ 
difficult to protect against. 

The vapor prea^ure of lewisite is very much higher than that of mu.s- 
tard. At 0*C. (32*F.) its vapor pressure is 0,087 mm. Hg, an com- 
pared to Q.025 mm* Hgfor mustard; at 20*C. (08°F.), it is 0.395 nmi. Hg, 
against 0.065 mm* Hg for mustard. The volatility of lewisite at 20°C. 
(6S"F.) is 4.60 mg. per liter, as compared to 0-625 mg. per liter for mus- 
tard, and the persistency of lew'isjte is correspond iiigly mucii le.s-s than 
that of mustard. On the basis of Leitner^s Formula (see page 21), the 
persistency of lewisite at 20°C. (68*F.) is 9.6 times tliat of water, w hile 
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the persistency of mustard is 67 times that of water. 

The freezing point of lewisite U — 18®C. (0*F.), which is well 
betow ordinary atmospheric temperatures, so that it ie a liquid at all 
times, except in very cold weather, and hence does not rtKiuire a solvent 
as does mustard, like mustard, lewisite is stable in storage and does not 
react with iron and steel. 

Physiologically, Je^dsite acts similarly to mustard gas and in addition 
is a systemic poison w^hen absorbed into the body tUnmgh the skiji or 
lungs. It may, therefore, be classed as primarily a vesicant, w^crondarily 
A toxic lung injurant, and tertiarily a systemic poison when alworl^ed in 
the tissues. The mechanism of the physiological actioti of lewisite is also 
like that of mustard; both are cell poisons and both undergo eiuh^plasmic 
liydrolysis ’withiu the living cel! aud release hydrochloric acid in accord- 
tmee \rith the following equation flewisite): 

/Cl 

CiCHiCH.A< -h H,O^ClCH:CH..\sO + 2HCI 

^C1 

m 

In the case of lewisite, however, the other hydrolysis product^ 
|3-chiorvinylarsine oxide — is itself necrosant, and the arsenical residue of 
this oxide passes into the circulation, fixes itself in variouH organs, and 
nets up a general systemic poisoning, typical of arsenal compounds. 

Lewisite is th^n both a local and general toxic of great deadly strength. 
Thus, a dose of 0.0173 gram per pound of body weight, externally applied, 
is fatal, so that an average man, weighing 150 lb,, Would be killed by 2.6 
grams (30 drops) applied to his skin. The minimum irritating concentra- 
tion of lewisite (0,0008 mg. per liter) b far below the minimum concentra- 
tion at which it can be detected by iU odor (0,014 mg. per liter), so that 
ttie warning effect of its odor has been greatly exaggerated by some 
authors. Its blistering (vesicant) concentration (0.334 mg. per liter) 
is less than 10 per cent of its saturation concentration in the air at 20X. 
(6S*F.), so that field concentrations ten times that required for vesication 
are possible. When inhaled, 0.120 mg. per liter b fatal in 10 minutes, 
and 0.048 mg. per liter b fatal in 30 minutes. Its toxicity thus slightly 
exceeds that of mustard gas. 

Lewisite b quicker acting than mu^ard gas, a.^ shown by the following 
comparison, baaed on experimental tests in which a drop of each agent 
w'as planed on the forearm of a maru 

LewLdt* waa completely absorbed in fire minutea with a slight burning Bcnsstkm, 
while mustard required from twenty to thirty minutes for absorption and prodiioed 
no noticeable aensation. With lewisite, the skin eommenwH to redden at the end of 
thirty minutesi then the erythema inereasea and spread* rapidly and occupies a 
surface of 13 by 15 centimetew towards the end of the third hour. With mustard, 
the reaction (salmon ooldred) does not appear until two hours, and during the third 
hour covers a surface of only 3.5 by 4 oentimet^. The vcsicuUtion of lewisite 
appeara at the end of about thirteen hours and eonaUts of a brge blister, the aiie of a 
cherry, which soon absorbs all the surrounding smail blisters, forming about the 
twenty-fourth hour, a single, large, hulging, vesicle, surrounded by a reddened fringir 
which merges with the healthy skin at its outer edge. On the other hand, the first 
imjritard hlistcns gmdualb'' appear in the form of a ring around the jufeet^ spot 
towards the end of the twenty-fourth hour. Iti the center the lesion is deprewed and 
of a yellowish gray color. 

In the absicnce of u secondary infection, the wounds from kwbitc heat 
more rapidly than those of mustard, but whether these condition? would 
HctuaJly obtain on the field of battle is doubtful, and the probabilities art^ 
that in war the wounds of lewisite would be as aerious and durable aa 
thoat^ of murttard. 

The future tole of lewisite b uncertain. Under favorable conditions 
it b undoubtedly superior to any of the other TiTorld War gases. The 
question as to whether or not it would be used in a future yra.T would seem, 
ilicrefore, to depend primarily upon the meterological conditions to be 
encountered in the Theater of Operatioiia. In cold countries and in hot 
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dry countries it Vvould be A ery effective, but in wet rainy countries much 
lews effective. 

Dr. Mueller thinks lewii^ite would have been a great disappoint- 
raent to the Americans had it been actually used on the Western Front 
in the World War, While the climatic conditions in that Theater of 
Operation? were, on the whole, rather unfavorable, it by no means follows 
that lewisite would have been ineffective if used intelligently, and thb is 



(Mirtieulurly tnie in view of the highly toxir character of its hydrolysis 
produetj:^ which infect contaminated ground for long periods. On the 
Avhfile, we are inclined to believe that lewisite must be taken into serious 
coiiijideration in any chemical warfare estiniate of the future. 

MathyldichloiarsJne {CHiAs.Clt) 

Thb compound b the methyl analogue of etbyldlcrhlorarsine and the 
properties and charaeteristics of the two are very similar (see page 166). 
It wfl^ under inten?iA e study by the Americans during the last months of 
the war, and Flury (28) includes it among the World War toxic gases, 
although, as a matter of fact, there b no record of its actual use by either 
side in the war. The preference of the Germans for ethyldichlorannne, 
instead of the methyl compound, b difficult to understand ip view of the 
superior propertiea of the latter, as shown by a comparison of their 
characteristics. Fries (9, page 181) attributes the German preference for 
ethyldichlorarHine to the difficulty of manufacturing the methyl com- 
pound, but the differences in difficulty of manufacture are so slight as to 
be no obstacle whatever to the genius of the German chemists who suc- 
ceeded in solving many more formidable problems, 

Like most of the chemical agents used in the war, methyldichlorarsinc 
was not a new compound. It waa discovered in 1858 by Baeyer who 
described its pronounced irritating effects. 

The method of manufacture of methyldichlorarsine b complicated 
and comprises the following principal steps: 

1. Sodium arseuite is prepar^ by dUsolving arsenic trioxide in 
caustic-?oda solution, as indicated in the following reaction: 

6NaOH + Ab* 0» - 2Na,AaO, + 3HjO 

The reaction proceeds readily evolving consid^able heat. 

2. The sodium arsenite solution U next methylated by adding 
dimethyl sulfate at 86°C 

Na^, 4^ (CH,)i 904 - Ka,CH*AsO| + Na.CH,SOi 

3. The disodium methyl arsenite b converted to methyl arsenic oxide 
by sulfur dioxide, as indicated 

NaiCHjAsO, + SOt - CH*AsO + Na,S04 

1*17 

4. Methyl arsine oxide b finally converted to methyldichlorarsinc 
hy passing hydrogen chloride gas through the mixture, when the following 
reaction takes place: 

CH^ + 2HC1 - CHiAsai + Hrf> 

Methyldichlorarsine is a colorless liquid, of 1.85 specific gravity, 
which boils at 132^. (269.6^.)» yielding a vapor with a powerful burn- 
ing odor. At 20^C., its vapor pressure b 8.50 mm. Hg and its volatility 
b 76,00 mg. per liter. This compound is chemically very stable, being 
only slightly soluble in water, though soluble in Organic solvents. It docs 
not corrode iron and steel. 

Like the ethyl compound, the methyldichlorarsine is a vetdeant, toxic 
lung injurant, and respiratory irritant. A concentration, as low an 0.002 
mg. per liter causes quite a severe irritation in the nose which produces 
sneediig and finally extends to the cheat where it gives rise to pain. \ 
concentration of 0-009 mg. per liter b dbtinctly sternutatory; 0.025 mg. 
per liter b unbearable when inhaled for more than 1 minute, and leads 
at once to painful attacks of asthma and marked dyspnea which often 
lasts for 24 hours. Still higher concenttations cause serious injuries tu 
the lunga, 0.66 mg. per liter being fatal on 10 minutes' exposure and 
0.12 mg. per liter fatal on 30 minutes' exposure. 

Methyldichlorarsine b thus about half as toxic as the ethyl compound 
and when liquid is less irritant to the skin. On the other hand, its vapors 
are as irritating to the akin as the vapors of mustard gas and, when 
liquid it penetrates fabrics much faster than does liquid mustard gas. 

The vesicant action of methyldichlorarsine b very similar to mustard, 
but its lesions are much leas severe and heal more rapidly than mustard- 
gas lesions. 

The vapor of methyldichlorarsine b hydrolyzed by moisture, but hot 
rapidly enough to destroy the gas before it can exert its physiological 
setion. Owing to its great volatility, metbytdicbloraisine persbts in the 
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open for only about 1 hour in warm weather and 2 to 3 hours in cold 
weather. 

Although not proved on the field of battle in the late war, it is believed 
that, taking everything into consideration, methyldichloramne is prob- 
ably superior to mustard gas and lewisite for producing rapid vapor bums 
ti the skin. For this reason, together with its low persistency, it should 
have a high value for offensive mditary purposes. 

Dibromothyl Sulfide C8(CHiCH.),BrO 
German; “Bromloet” 

Ihe last of the vesicant agents uauaUy identified with the World War, 
although, strictly speaking, belonging to the postwar period, is the 

bromine analogue of mustard gas, dibromethyl sulfide, called by the 
Germans "Bromlost.** 

This compound w^as studied by the Germans during the closing days 
of the war in an effort to find a vesicant compound more persistent than 
mustard gas, for use on the tactical defensive where it was desired to con- 
taminate ground yielded to the enemy for as long a period as pottsible. 

The three elements which destroy mustard on the ground are humid- 
ity, temperature, and wind. A compound less susceptible to hydrolysis 
and of higher boiling point and lower vapor pressure would, it was 
thought, persist longer than mustard and be a more effective chemical 
agent oii the tactical defensive, The substitution of bromine for the 
chlorine atoms in mu^<tard gas was expected to produce such a com- 
pound, hut dibromethyl sulfide did not measure up to expectations. 

Dibromethyl sulfide is a solid at ordinary temperatures, which melts 
at 21“C. (70“F.) and boils (with decomposition) at 2fiO“C. (464“F.). It 
has a specific gravity of 2,05 and a volatility of about 0.400 mg. per liter, 
as compared with 1.27 specific gravity and 0.600 mg. per liter volatility 
of mustard. It is also far more susceptible to hydrolysis than mustard. 

The physiological ^tion of dibromethyl sulfide is very similar to that 
of mustard gas, but to a far less degree. Its greater density permits 
about 50 per cent greater amounts to be loaded in the same shell, and 
this partially offsets its inferior physiological activity. But its sensitivtv 
ness to destruction by moisture is a net Iosm compared with mustard, so 
that, on the wliole, dibromethyl sulfide was not a real advance o^'cr 
mustard gas and w-ould in all probability ne^''er be used in war. 



COUPAJUSOIf OF THE VESICANTS 

Considering the factors: (1) rapidity of action; (2) exten.sion of rube- 
faction, fiwelling, and edema; and (3) time of healing of leaions, the 
World War vesicants and thow compounds having subsidiary vesicant 
action may be arranged in descending order of their skin-irritant efficienev 
aa follovrs: 



exceeded in tonnage by the lung injuratrts only. Altogether, about 
12,000 tons of vesicants were used in battle, and of this quantity it is 
estimated that mustard w^as fully ftS per cent. No separate records are 
available as to the exact quantities of the minor vesicants that were 
used, or as to the casualties produced by them. !Mustard gas so nearly 
completely dominated the vesicant field that all such casualties are 
generally credited to mustard. The vesicants produced 400,000 casu- 
alties, or nearly one-third of the total gas casualties, although the amount 
vesicants used in battle was less than 10 per cent of the total gas 
used. I'hc vesicants secured one casualty per 60 lb. of gas, w^hich was 
nearly four times the ratio of casualties to gas for the lung injurants. 

During the war, the vesicants were used only in artillery and trench- 
mortar shellp, as they were unsuitable for cloud-gas projection, oiling to 
iov' vapor pressujies. By the same token, however, they are well adapted 
for dispersion by airplane sprays and bombs, and it ip accordingly 
probable that in the future they ’nill be largely employed by the air 
force, as well as by the artillery. 



future of the vesicants 

The vesicants introduced a new principle in chemical-warfare offense 
in that they readily penetrated clothing and produced casualties by body 
bums. Masks, therefore, were wholly inadequate for protection against 
thcHc agents, and special protective clothing was resorted to. Such 
<*lothing is very uncoinfortable, especially in hot weather, and greatly 
lowers the combat ability of troops. It also enormopsly increases the 
problem of protection from contamination, not only for men and animals 
l>ut also for material. Food and water supplies in particular must be 
specially protected and rt^ady means must be devised to decontaminates 
enormous quantities of material and large areas of ground. 

The introduction of ve«i(‘ant3 in the war tilted the scales heavily In 
fiivor of the ebemind offense, and the war elosn'd leaving the problem 
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of adequate defense againet the vesicants largely unsolved. Since the 
war all nations have expended much time and effort in trpng to solve 
this complex problem. How well they have succeeded only the future 
can show. 

In the meantime, vesicants occupy the center of the stage of chemical 
armaments and it is a foregone conclusion that they will figure largely 
in wars of the future. Fortunately for the nations of the world, they 
<Tcemplify the most humane method of w^aging w'ar yet devised. 

For a summary of the principal properties of the vesicant agents, 
see Table IV. 



CHAPTER X 



RESPIRATORY ERRITAHT AGENTS (Stemutatora) 



1. Mivtanl. 

2. Lm'irite. 

Z. FhenyldichloraniLnc. 

4. Methyldichlonindn^'. 

5. Ethyldiriilonnuiu!. 

6. Pheitytdibnnti&ntii«, 

7. DibiDmAtliyt »i]fide. 



On the basis of relative toxicity, the above agents would rank as 
follows; 



1Q9 

Minimum Lethal 
Due (10 Min- 
aUs* Expuure) 
Mg, per Liter 

LewiiiJe 0.120 

Montord 0.150 

Phenyldibrnmarsinc _ 0.200 

Fhenyldichtoranine. 0.200 

Ethyldichloraniiw 0.500 

MethylJiohloTiinint. 0.500 

Dibromethyl mifide ^ , j ^000 



USE OP VESICANTS IN THE WORLD WAR 
Thr Vfv^icaitu rank second in the extent of u«e in the war, being 



The fifth and last class of toxic agents used in the World War was 
the respiratory irritants, often called stemuiatora (sneeze producers). 

I’^ey form a small well-defined group having many properties in common 
and were generally designated by the Germans aa "Blue Cross^' 
substances. 

By the summer of 1917, the gas masks of all of the belligerents had 
lieen developed to a stage where they furnished adequate protection 
apNdnat the lung-injurant gases. Also, the lung-injurant gases thereto- 
fore employed were slow acting and did not incapacitate untD several 
Imura after exposure. The problem w-as, therefore, to find a quick- 
acting nonpersistent gas that would penetrate the mask, and the respira- 
tory irritants were the solution of the German chemists to this problem. 
While the respiratory irritants produced few serious casualties, by 
quickly penetrating the mask, nauseating the soldier, and causing 
frequent vomiting, they usually made it impossible to wear the mask, and 
upon its removal the soldier soon fell a victim to the lung-injurant agents 
(Green Cross substances) which were fired simultaneously with the 
rpspiratory-irritant agents (Blue Cross substances). 

The first large-scale gas attack featuring respiratory-irritant com- 
pounds was directed by the Gerinans against the Russians while crossing 
the Dvina River at Uexhuell in September, 1917. The Germans 
employed a combined Green Cross and Blue Cross bombardment against 
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the Ruwian batteries whieh commanded the place of crossing. The 
limnbardment lasted for 2 liours and the Eussian batteries were sUeneeU 
\\ith the exception of a few giins wSiich had not been recognized and 
ihf^nrfore were not inchiUe<l in the areas shelled. 

I'lie gieat German offensive of Mar. 21j 1918, based chiefly on 
the effect of gas. The Allied flanks on the attacking salients were cut 
off by mustard gas, while the main force was slwlled by a mixture of Blue 
Cross and Green Cross shells. The Allies were at first absolutely 
defenseless against the respiratory-irritant substances and, had the 
Germans been able to atomize and disperse their toxic smokee into 
minute particles, the result would have been disastrous. Toward the 
t^nd of the war, the Allies incorporated in their gas-maak canisters a 
iiK-chanical filter, consisting of wadding and layers of felt, and In thi>i 
Wily provided adequate protection against these toxic dusts. 

202 

The Allies claimed that the German Blue Cross sheila were .not e ffec- 
tive, and based their opinion upon the fact that the high explosi^^e in the 
shell did not sufficiently atomize the toxic chemical to create a dust fine 
enough to penetrate the mask. There were but 677 casualties and 3 
deaths in the American Expeditionary Forces owing to gassing witli 
respiratory-irritant compounds. Deaths from these compounds wert^ 
very rare. 



GEOOP CHARACTERISTICS 

In general, the respiratory irritants wer^ all solids with high melting 
points and negligible vapor pressures. They were, therefore, dispersed 
hy heavy explosive chargee, in the form of a finely pulverized dust. The 
particulate clouds thus created lasted only a few minutes in the open, 
and they were accordingly classed as nonpersistent agents. They wtere, 
however, immediately effective and readily penetrated the existing gas 
masks of the Allies. It was due chiefly to these properties that they Tvere 
introduced by the Germans on the night of July 11, 1917. 

Chemically, all the respiratory irritants belong to the family of 
arsines (AsH<) and are compounds consisting of tri valent arsenic in 
which the arsenic atom is linked by one valence to a halogen atom, or to 
a monovalent active group, and by two other valences to two atoms of 
carbon of two carbonyl radicals, thus: 



CJIix 

^As — Cl (Diphenylehlorarsine) 

CeH|^ 



CsHi 

CiH 



■As — CN (Dipheiiyleyanarsine) 



The respiratory irritants have the power to irritate certain tissues of 
the body without producing notable lesions, t.e., idthout injury, at the 
point of contact when employed in concentrations above their thresholds 
of action, which are extremely low. They act only on the ends of the 
sensory nerves, w hich are anatomically poorly protected against chemical 
attack, and give rise to more or less acute pains accompanied by mus^ 
cular reflexes and various secretions, depending upon the nature of the 
compound and the region infected. Tlie mucous membranes of the 
respiratory system (noee, larynx, trachea, bronchial tubes, and lungs) 
are thin and sensitive, and their moist surfattes facilitate the fixation and 
dissolution of these gases. They, therefore, furnish an excellent field for 
the action of the reapiratory-irritant compounds and are, accordingly, 
the members chiefly affected by these compounds. Based upon exten- 
>ive experiments, Flury sums up the pliysiological action of these 
i^mpounds, as follows: 

Thf* hi tendive celt toxic effect is aeeu everywhere where the mbetiEKee come in 
iionLiv^i with the living cells in the solid, liquid or gaseous state. They are diaiin- 
jcuiflhect from the ■troag eomnlvo sabatanees by the fact that even when used ia the 
very lowest ooDcentrations they cause rnflommatoty phenomeDm and neeroete in the 
affected tutsues. From the qualitative stuidpoint, there on uo great diffeteuees fnm 
the effects of the other itritanto. The mnciijc compounds also act oa the respiratory 
pAssages and the hmgs, the oigaus of eight and the outer skin, thus oousiug on acute 
toxic lung edema, serious injuries to the capillaries, the formation of false membroubi 
in the. air passages, inflammatum of tlie conjunctiva and necroits of the corneal 
rpithdiuin .in the eye, and soTnettmes also inflammation of the outer skin with the 
f^innatJon of blisterB and the deeper destruction of the tissues. The general character 
■tf the effect now is more Uke that of phosgene, again more lilec that caused by the 



^iilfurMiou tain jog irritants such os diclilorethybsulfldc. Despite that, there are certain 

IK^'iiliariticM to the poisoning caused by tlie amcnic compounds. The irritation to the 
sfuKtrive nerves for surptifiscs in intensity the effect of any chomicalfv accurateh 
thsfined compounds heretofore known. The irritant action, however, extends not 
only to the portions of the nuicoua membranes affected directfy by the poison but 
in H clmraeteristic way also attacks the xo-cHllcd accessor^- cavitin. 



Aa a ntle, th(' respiratoiy irritants ar^ noiilethal in ronfientratiuns 
ordinarily omployod in Imttip and have the following propprlies in 
eommon : 

1. Th4?ir thrpjJholds of action &!■<? extremely low; a few thouHimdthj« 
nf a milligram per liter produce certain and useful reniults. 

2. They are immediately effective; an exposure of 1 to 2 minute« 
lieing sufficient to produce positive effects. 

3. Their action is reversible, since the irritation produced disappears 
rapidly after termination of exposure. They do not destroy the nerve 
ends and, after the reflexes caused by the irritation, the nerves recuper- 
ate their normal functions. 

4. Their action b electiVCj for they affect only the nerve tissues and 
<ispeciaily those controlling the resjnratory system. 

From a pliysiological viewpoint, the respiratory-ilritant agents may 
lie divided into two groups: (1) the simple respiratory irritants, and (2) 
Uii' toxic respiratory irritants. The first cause only a local irritation of 
the respiratory system, while the second go further and set up a systemic 
arsenical poisoning. Only the first group (1) are primarily respiratory 
irritantiW, as the compounds in the sw'ond group (2) primarily exert other 
eff<'ft« and their n^spimtory-irrltant action is onl)^ suhHid^aly^ Qim- 
iHumds in the second group, therf^fore, IHong primarily to other groupfs 
of agents and are only s^'condarily rcgard<*d respiratory irritants. 

WORLD WAR RESPIRAIORT mRlTARTS 

The principal respiratory-irritant agents, in order of their ebrono- 
N’tricnl apjM'rtrancc in the World War, were: 
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Agenl 


iDtrodiiced 

by 


Date 


Stmpla reapiratory irritoiita 


Diphenvlchloranine. 

Diphenylcyonaniiifl * 

Etbylcarfaaool . .r . 

DiphuiybuniDochkinnuie^ 


Qermoni 

Gcnnoiu 

Germany 

Ameiicaiu 


July, 1917 
May, 191S 
July, lOlg 
Postwar. 




Toxic rMplratory imtoata 


PhenyldichloraTaine* * 

Ethyldkhlonirsine* * 


GemoiiB 

Gemiaiut 

Gcrnoana 


j S^ember, 1917 
Moreh, 1918 
Septemberj 1918 


Ethyldibiomaraint*. 



* PriAiadlv t«iic luAK iDjumbta. 

DipbenykliloTarslfie ((CfHOiAsCl) 

German: Clark I" 

Diphenylchlorarsine was introduced simultaneoufily with mustard 
gas as an offensive companion thereto, since mustard gas w’as too per- 
sistent to bo used on the tactical offensive. The purpose of diphenyl- 
chlorate was to penetrate the Allies' masks, Which successfully 
prot^ted against all the lung-injurant agents. This w-as accomplished 
by dispersing the chemical substance in the form of a dttd which, not 
being a vapor or gas, was not absorbed by the charcoal and soda lime in 
the gas-mask canister. 

Diphenylchlorarsine was discovered in 1881 by Michaeiis and 
LaCoste. During the war it was manufactured by the Germans in 
accordance with a complicated process, of which the following were the 
principal steps; 

1. Benzene diazonium chloride 'a’ae treated nith sodium arsenite to 
form sodium pbenylaisenate 



CiH* — NjCl H“ NatAsOi — CiHoAsOtNai H- NaCl + Nj 
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2* Sodium pheuylars^uate uaa converted to pbenylamenic acid by 
treatment ivith hydrochloric acid 

C,H*AaOJ^a, + 2HC1 - C*HtAsO,H, -h 2NaCl 

3. Fhenylamenic add was reduced to phenytarsenioua acid by treats 
ment vi’ith sulfur dioxide and water 

CiHiAsOiHj + SO, + Hrf) -= CflHiAsOJI, + H,S04 
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4. PbenylarseniouE acid was treated with sodium hj'droxtde to fonn 
eodium phenyUraenite 

+ 2HaOH = CdtJasOiNa, + 2H,0 

5. Sodium phenylarsenite was converted to sodium diphenylarsenite 
by treatment with betuene diazonium chloride 

C«HtAsOiNaj -i- CtHsNiCl * (CeHs}^AsOiNa -j- NaCl H- N, 

6. Sodium diphenylarsenite was treated with hydrochloric acid to 
form diphenylareeuic add 

(CsHJjAsO^Na + HCl = (CeH,),AsO,H + NaCl 

7. This add was reduced to dipbenylarsenioun oxide by treatment 
with sulfur dioxide and water 

2{CeH>)iAsO»H + 2SO, + H,0 = [(C*H,),Asl,U H- 2H,S04 

8* Dipbenylarsenioue oxide was converted to diphenylchlorardne 
by chlorination w-ith hydrochloric acid 

[(COIOiAsliO -h 2HC1 = 2(C*H4 )jA^C1 H- H,0 

Diphenylchlorarsine may also be prepared by a much simpler process, 
as folloTS'fl; 

1. Triphenylarsine is formed by acting on chlorbenzene and arHenie 
trichloride ^ith sodium, 

2, The triphenylarsine is then heated under pressure with more 
arsenic trichloride and diphenyl chlorarsine is thus obtained. 

While the latter W'as the laboratory method of making diphenylchlor- 
arsine, there appears to be no inherent reason why it could not be used as 
a basis for a successful commercial method of manufacture and thu^ 
greatly simplify the production problem. It was stated that the Germanic 
adopted the more complicated method outlined above because they had 
previously manufactured several of the intermediates in this process and 
that the equipment of their chemical plants was peculiarly adapted to 
this process. Undoubtedly, if diphcnylchlorarsine were manufactured 
in quantity in the future, especially outside of Germany, a simpler and 
more direct process would be employed* 

In tlie pure state, diphefiylchlcrarsine is a white crystalline solid, of 
1.4 specific gravity, which melts at 46®C, (IIS'T.), although the some- 
what impure commercial substance used during the war melted at 38X, 
(100*F.)* It boils if^nth decomposition at 383*C. {720*F,). It is insol- 
uble in water, but is readily soluble in organic solvents, including 
phos^ne and chlorpicrin. It decomposes rapidly in contact with water, 
yielding hydrochloric acid and pbenylarsenic oxide wbicli is toxic, but 
thiti action is very slow in a merely humid atmosphere. As it is a solid, 

2U6 

its vapor pressure (0-0005 mm. Hg at 20^C,) U negligible and it« volatility 
at 20°C, is only 0,00068 mg, per liter. 

When diphenylchlorarsine is volatiliied by hunting, its vapora con- 
dense in the air to form very fine liquid droplets or solid particles (depend- 
ing upon their temperature) which fioat like particles of smoke or dust in 
the air; but in order to volatilise and convert this compound into the form 
of smoke (particulate clouds of solid particles), it is essential that the buIi- 
stance p^ through the actual gas or vapor rtage. That is to say, a 
preliminary heating process is necessary. It is impossible to convert 
this compound by atomization at a low temperature into real smoke, 
e^'^en if it is dissolved in a volatile solvent, 

The reason for these peculiarities undoubtedly lies in the site of the 
particles given off when this substance is distilled by heating, as com- 
pared to the smallest sized particle that can be produced by atomization. 
When volatilized by heat, the particles formed are extremely small, hav- 
ing a diameter of only 10”* to 10“‘ cm. On the other hand, when dia^ 



l>er54ed by explosion, the time of detonation is too brief for an appreciable 
amount of heat to be transmitted to the. chemical substanc(‘, and the 
dispersion of the chemical is thus almost' entirely due to the phymeat 
force of the exploeion. The result is that the particles of diphenyl- 
chlorarsine dispersed by explosion were many times larger than thowe 
resulting from heat distillation* Kmiiarly, when diphenyl chlorarsine 
is dissolved in a liquid solvent and sprayed by a mechanical sprayer, 
even the best sprayers send out droplets many times larger than the true 
smoke particles. 

These facts were apparently not appreciated by the Germans at the 
time they adopted diphenylchlorarsine as a filler for their Blue Cross 
shell, for they ffrst i^ttempted to dissolve this compound in some easily 
volatilized solvent, such as diphosgene, and disperse it as a liquid spray* 
When this proved unsatisfactory, they then attempted to disperse it by 
the use of heavy charges of high explosive which also sulisequently 
proved ineffective on the field of battle* In loading diphenylchlorarsine 
into the shell, anofther error was made in placing the explosive charg<^ 
around, instead of within, the chemical charge. With the explosive* 
surrounding the chemical charge, the force of expWion tended to com- 
press the chemical particles, instead of blowing thc^ni apart. 

Subsequent experiments by the Allies proi'c<l that diphenylchlor- 
arsine was extremely effective in the field when dispersed (by heat dis- 
tillation) as a true toxic smoke, and they were preparing toxic smoke 
candles, embodying this principle of dispersion, when the Armistice 
intervened and prevented their use at the front. The failure to adopt a 
proper means of dispersing diphenylchlorarsine stands out as one of the 
few technical mbtakes in chemical warfare that tiie Germans made dur- 
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ing the World War, But it was a costly mistake, aa no less lhaii 
14,000,000 artillery sheila were loaded with this substance (and its 
analogue, diphenylcyanarsine) and great reliance was jilaced upon itH 
supposed offensive-combat power in the German drives in the spring of 
1918- The evidence of the Allies^ casualties from Gemian Blue Cross 
shell, however, is conclusive that these shell u ere larg<*ly inefftndivc, ind- 
withstanding the known very powerful physiological propertit'f^ of 
these compounds. 

When diphenylchlorarsine is pulverized and dispersted by the explo- 
jfion of a high-explosive charge, and, to a far greater extent, when ther- 
mally distilled as a toxic smoke, it is broken up into miciw'opic particles 
that float in the air, easily penetrate the ordinary gas-mask cani^rter, and 
exert their effects directly on the respiratory tract. When used in mini- 
mum concentrations, this compound causes great irritation to the upper 
respiratory tract, the sensitive peripheral ner\"cs, and the eyes; it also 
irritates the outer skin, but not to so great an extent; when present in 
stronger concentrations or when inhaled in weaker concentrations for a 
long time, it attacks the deeper respiratory passages* The irritation 
begins in the nose, as a tickling sensation, followed by sneezing, w ith a 
Mow of \'iscoqs mucous, similar to that which accompanies a bad cold, 
'Jlie irritation then spreads dowTi into the throat and coughing and chok- 
ing set in until finally the air passage-s and the lungs are also affected. 
Headache, ('specially in the forehead, increases m intensity until it 
becomes almost unbearable, and there is a fcn-ling of pressure in the 
(^ars and pains in the jaws and teeth. These symptoms are accompanied 
by an oppreTisii'e pain in the chest, shortness of breath, and nausea which 
rtoon causes rHiching and vomiting. The victim has unsteady gait, » 
h'cling of vertigo, w eakness in the legs, and a trembling all over tlie body. 

Fiury gives the German experience with diphenylchlorarsine: 

In additkin to tho phenomcnii of Miuon^ inritati^m, inhaltition of diphcayUhlorttr- 
r^iiic ititiy lend to dcnous dUfturhAn<^es of ihe ikttouk from ttl>M>rptinti of thr 

{K^iflon. Thew h\iov theiniwlvra ju nmtot dUturlKnrif'i^^ uucortniu t*iiV4iyiMx nhcu 
sumdinxi eatnethi^cn complete iimbility to wnlk. Ab a rule they arc aetsjmjmnitHl 
hy severe pain in the JointH and Umlie. Inbalm ion of ver>^ hijeh t^irvntrAtiotiH is 
tiIhu oftiO-n followed by giddim^sa, attacks of faintnettK* ai^d tA t-oiiscjoasiit'^w, whii*h 
may litst for mnny jionni. When toiuudctuhtc qimntiijc<i of di]>hcMyh-UloiruJrNinc t>r 
ndiiied orfcunir m>a*iiicKE (*o]nt>omnb are taken throtizh the skin nervous d^|ltu^1lnlll'<^?4 
uf \-arkiuif lyjKw inny arwe, ami th(SK* anr tt^ l>e HM'rjlicd noi tt> a Uu'i*l m-tioii of tht' 
iMUMin but to ktn g<*iicni1 alisorption. Hyperotifh«siai miesthcsia and }mrcstheeia of 
definite anw of tlic tikin* ™(M*cialt,v of the lower exTtvnutini, eouLd frequently be 
Tn'itching of tlic niuaclen mid ft>nvnbtion« niHy m very bta'CTP 

of fKMWJiiiiifE by HiiniLur nulwtiiiim* 
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iviiiarkyl>le part of the efiecU above desehbed is tliat they 
usimJly set in al>uuf 2 c^r 3 mhiutes after 1 minute of exposure to the gas 
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and usually reach their culmination in about 15 minutes after exposure 
ceases* After 15 minutes in uncontaminated air, the symptoms gradually 
disappear and in from 1 to 2 hours recovery Is complete in tlie average 
case. In extreme cases, in enormously high concentrations, sufficienf 
arsenic may be absorbed to produce systemic arsenical poisoning, whirls 
then produces the typical aftereffects of such poisoning. 

Diplieiiylchlorarsine is effective in extremely low concentrations. 
Thus, a concentration as low as 1 : 25,000,000 (0.0005 mg. per liter) is 
sufficient to produce marked irritation of the nose and throat, while 
0,0012 mg. per liter becomes unbearable after 1 minute. A concentra- 
tion of 1.50 mg* per liter is lethal after 10 minutes, and 0.60 mg* per liter 
after 30 minutes^ expoemre. Since the volatility of diphenyl cbiorarsinc 
is only 0.0006S mg* per liter, it is impossible to attain even an intolerable 
r-on cent ration in the air in vapor form. However, there is theoretically 
no limit to the concentration which may be built up in the form of soUd 
particles suspended in the air, as this is merely a function of the amount 
of the substance distilled into a given volume of air. Nevertheless, 
under the actual conditions obtaining on the battlefield, it is very difficult 
to set up a lethal coneentration, and there were few deaths from this 
gas in the World War* 

Diphcnylcyanarslne [(C(Hl)^AsCN] 

German: "Clark ir^ 

Diphcnylcyanarsine was developed and adopted by the Germans in 
May, 1918, as an improvement over diphenylchlorarsine to which it is 
closely related* The main purpose for this development was to correct 
one of the serious weaknesses of diphenylchlorarsine, wz*, its ready 
decomposition by water* The new compound not only overcame this 
defect, but also proved to be physiologically more active than its chlorine 
analogue and was, in fact, the strongest of all the irritant compounds used 
in the war. 

Diphenyl cyanarsine was prepared by acting ou diphenylchlorarsine 
with a saturated aqueous solution of sodium or ptitassium cyanide, dur- 
ing which reaction, the chlorine atom in the hitter is replaced by the 
cyanogen group, thus 

(CeHi)a*\sCl H- NaCN = (C,Hi)aAi^CN -|- NaCl 

In a pure state, it is a colorlese crystalline solid, of 1.45 specific gravity, 
which melts at 31.5*C. (91T.) and boils l^■ith decomposition at 350**C. 
(662'’F,), yielding a vapor 8.8 times heavier than air T^ith a characteristic 
odor of garlic and bitter almonds* 

It is not dissolved by water and is hydrolysed so slowly as to be 
negligible. Chemically very stable, it is readily e^oluhle in the organic 
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fats and solvents, especially chloroform. Its vapoj' pressure is negligible 
and its volatility is even lower than its chlorine analogue, being only 
0.0015 mg, per liter at 20®C, (6S“F.). 

The physit^al and chemical behavior and the physiological effect of 
<U phenyl cyan arsine arc exactly like those of the chloro-com pound except 
that the last is more intense and somewhat more enduring. The lowest 
irritant concentration of diphenylcyanarsine is 0.0001 mg. per liter, and 
its intolerable concentration (0*00025 mg. per liter) which is one-fourtli 
that of diphenylchlorarsine* Tiie toxicity of dipheny Icy an arsine for 
10 minutes^ exposure is 1,00 mg, per liter as compared to 1*50 mg* per 
liter for the chlorine analogue. The former is, therefore, about 50 per 
ci'Ut more toxic than the latter, but this is not of great practical impor- 
tance since these lethal concentrations are far above the limit of actual 
attainment in the field, except in very unusual circumstances, such as 
where a shell bursts in an inclosed space so that a supersaturated con- 
centration is obtained. Such concentrations may also exist for a few 
seconds immediately adjacent to the point of burst of the shell, but on 
the whole are extremely rare, as is shown hy the Allies' casualties from 
Blue Cross *shcll, which were surprisingly small in comparison with the 
vast quantities of these shell used, and the percentage of deaths wais 
almost negligible* 



On the other hand, oudng to the ease with which dipheny Icy anarainc 
penetrated gas-mask canisters in use in 1917 and the early part of 1918* 
it temporarily put out of action large numbers of troops during the 
initial period of a bombardment; where such bombardments were immedi- 
ately followed by infantry assaults, considerable tactical advantage was 
thus derived. Also, the difficulty of retaining the mask after penetra- 
tion by this agent undoubtedly increased the number of , casualties from 
lung-injurant (Green Cross) agents which were simultaneously employed. 

Owing to the fact that diphcnylcyaiiarrine was effeeti^T in extremely 
small concentrations (1:10,000,000), it was the agent per excellence for 
general harassment of troops. Even a few shell, scattered over a wide 
area compelled all troops therein to mask and tlius greatly hampered 
their combat efficiency and effectiveness* It was thus particularly 
effeeti^'c against artillery aud Blue Cross shell wei^ largely employed in 
lounterbattery fire. 

Notw ithstanding tliat the German Blue Cross shell did imt dispi^rse 
its chemical contents in a very efficient form, the .Allies wen^ so impressed 
\rith the possibilities of DA and CDA that they immediately started tet 
work to devise the most effective means for tiieir employment against 
I he Germans* 

Tlie British w^re particuiarly active in pushing the development of a 
toxic candle which i^-ould hv progressive buniing distill off the chemical 
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as a true smoke, in which form it was found to be far more effective 
than when dispersed by explosion from artillery shells. Speaking of this 
development, GeneraJ Foulkes saya: 

Wlicn the DA was scattered by the high exp]oei; e it wss liberated not in the fonn 
Lpf H. but in hue particles^ these were not sufficiently minute to penetrate the bo\ 
n^dplralor (sotiipletely, and absolute protection was very aoon obtained bj" adding art 
i^xtension to the hoK \i'hich contained A cheesecloth filter. 

Golone] Watson* who was the head of the Ocntral Laboratory'' at Hesdin, had 
^^uggested in September 1917 the study of partjouUte clouds; and one of luy officem. 
Sisaon, in a sp rit of investigation, put a pinch of DA which had been extracted from a 
German shell on the hot plate of a stove in his room at my headquarters. The result 
was so remarkable that everyone was driven out of the house immediately, and i1 was 
found that the latest pattern of German n^ask, even when fitted with the extei^sion 
that had been supplied to give protection against Blue Cross shells, gave no protertiou 
^^hatever against the DA cloud produced in this way* 

This was the germ of a netw' and very valuable idea, and st«ps were taken imme- 
<liately to investigate how DA could be best volatilized in the most highly effective 
and penetrant farm by bringing it in eontaet with the heat evolved from the combina- 
tion of a suitable mixture of chemicals; and a ^'tbermo-gonerator" was soon designed, 
which consisted of a tin containing the DA and the heating mixture in separate com- 
partments and which weighed tuio or three pounds* 

The plan of attack was similar to the one previously put forward for gas; but as 
the particulate cloud was effective m one-hundredth the concentration of the gas 
cloud, and the German protection against it was nonexisteat, complete success was 
iibHohitely certain if only the secret could be kept* 

The proposed assembly of the infantiy assaulting oolumns ii'uuld be simpler than 
ill the fonner propiosal, because there was no longer any need to use a retired line for 
the discharge. In fact, it wa^ not even desirable, because the discharge would now 
lie a much shorter one, and the de^'ioe (as the thermo-generators came to he 

called) would have to he used on a grand scale — hundreds of thousands being set. 
rdight with a simple friction lighter, as in the case of the familiar smoke candles — so 
that the infantry themselves would be cnlhd upon to assist the Special Brigade in 
handling the tins. The latter were not dangerous under artillery bombardment* like 
gas cylinders, and in any case the huKtile fire would be silenced in the connse of a few 
minutes by the cloud and by our own intensive gas bombardment. 

The M " device u os never used in France; but if Bccret had been kept thcri' 
is not the slightest doubt that lU effect on the enemy, both moral and physical, would 
liave been o\ crw helming; and if it had been properly and fully exploited ii U'onld have 
bad a more important boHring on tbe course of the war than any other measure that 
WAS put to A pfArt leal trial nn the battlefield or that wim even eonaideml. 

Ill dip lu'iiylt^y an amine, we have the extreme limit of effectiveness in 
low coucentrAtkoni^ of all chemical agenta used in the tvar. Thus, a con- 
<^ntratio]i of 0.00025 mg. per liter is intolerable if inhaled for I minute. 
As a man at rest normally inhales 8 liters of air per minute, he would 
absorb only 0.0002 mg. of the substance in that time. This is, however, 
j^ufficienf to incapacitate him for an hour. For an average man, weighing 

21J 

154 lb* (70,000,000 mg*), this means that diphcnylcyanarsine is effective 
in the ratio of 1 r 35,000,000 of body ^weight, which makes it the strongepl 
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of all the known irritants. 

Ethylcarbazol ((CiHOsNCjHs) 

The lant of the simple respiratoiy irrilanti? used in the M''orld Wai^ 
was <*thyU'arbazol, introduced by the Gc^rmaiif^ at the battle of tiie Manie 
in July, 1ft 18, This compound jh a white flaky solid which nielt.‘< at 
t>S°C, (149®r0 and boils at lftO“C. (374^F*), yielding a vapor seven times 
heavier than air. It is soluble in alcohol and ether, but is insoluble in 
water and is practically unaffect(?d thereby. 

Very little information is available concerning the Us^e of thif^ sub- 
stance or the reason for its introduction since it was by no means as 
irritant as either diphenyl chloraraine or diphenyl cyanarsine with which it 
was mixed in the Blue Cross shell. Hanslian says, "As a 

matter of fact, it was not irritant at all, but merely served as a solvent for 
the arsine.^^ This explanation, however, throws little light upon the 
subject since ethylcarbaEol was itself a solid and v as loaded in mixture 
with solid diphenylchlorarsine as a solid charge in the Blue Cross shell. 
It is, therefore, not clear as to how it could be used as a solvent* More- 
over, it did have a decided irritant effect alone, although inuch less than 
any of tiie other respiratory-irritant substances. 

The appearance of ethylcarbaaol on the scene in the World War 
remains as one of those peculiar phenomena which seem altogether lack- 
ing in justification. It was used only to a limited extent and did not 
achieve any notable results. It is mentioned here only to complete the 
record, 

Diphenylammechloraxainc ((CeHij^NHAsCl) 

American: "Adamsite'^ 

When tlie AlUen found that diphenylchlorarsine could be*made very 
r(Tecti\e by distilling it into the air and projecting it as a particulate 
clc>ud, they decided to use it against the German,s in tills maimer, but they 
had had no previous expe^rience in the mass pniduction of this com- 
[xmud, or even of its principal intermediates. The 0erman process was 
so complicated that it was soon realized that a simpler method of making 
it must be developed. In seeking to find such a method, the British and 
American chemists simultaneously discovered tlnit a slightly differtuit, 
though closely related, compound t-ould be easily manufactured in larg<‘ 
quantities, and that this ^ubst itutc comfKxmd had very similar prtijier- 
ties and seemed to be equally effective as a respiratory-irritant ehennical 
agent. This new compound was diphcnylamineehlorarsine which 
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differs from th« German substance, diphenylchlorarslne, only by the 
addition of an amino (NH) group to the latter compound, thus 

a 

C^H ( — As — G qUi 

(Diphen^lchlorarsine) 

As 

C,h/(H)VuI4 

^CNK^ 

(Diphenylaminecblorarsme) 

While this chemical difference is very slight, it immensely simplified 
the problem of manufacture, since all that is required is to mix together 
and heat diphcnylamine and arsenic trichlorid<' and a smooth reaction 
proceeds in accoidance with the following equation (E*ee Chart XI^"): 

(C,Hi)«NH -h AsCl, * (CeHOsNRAsCl -h 2HC1 

i'he n^ulting product is a dark green molten inuKtH which can he puri- 
fi<'d by recry stallization from benzene and glacial acetic acid. Thi: 
Americans named this compound "Adamsite,” after its Ameii<^an dis^ 
cijverer, Major Roger Adams. 

Not only is the process of manufacture simple but the two ingredients 
are n>adily obtainable in large quantities. Dipbenylamine is a common 
inUTmediate widely used in the dye industry and is also required in large 
quantities in time of war as a stabiliser in the manufacture of smokeless 
fHiwd<T, while arwnic; trichloride is obtained by chlorinating whiti- 
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aT?fenic (AStOj)* Of all the arsenical chemical agents, dipbenylamine^ 
chlorarsine b the most easily manufactured. 

In addition to the research and development work of the British and 
Americans on diphenylaminechlorarsine during 1918, the Germans claim 
to have pre^'iously discovered, manufactured, and tested this compound. 
Thus, Et. Mueller (21, page 108) says: “A method for its manufacture 
was patented by the Leverkusen Farbw'erk as early as 1915 (German 
Patent 281,04ft)” and Dr. Hanslian says: “In Germany it 

was manufactured and tested even during the w'ar by Wielandj however, 
it w'as not used in the field,” Dr, Mueller sa)-® it w'as not used in the 
field liecause of the readiness wdth which it is decomposed when heaUd. 
In view, however, of the small difference in this regard betw een dlpbenyl- 
chlorarsine and diphenylaminechlorarsine, the substantially equal 
capability of the latter as a chemical agent, and its far greater ease of 
manufacture, it w’ould seem that there was little justification for the 
German use of diphenyl chlorarsine, which w'as so much more difficult to 
produce. Dr* Hanslian also says that the commercial method of manu- 
facture of diphenylaminecblorarsine w'as greatly simplified and perfected 
by the Italian, chemists Contardi and Fenaroli, and that certain Russian 
publications state that this compound w’as actually used by the Italians 
during the latter part of the w'ar. This latter statement is, however, 
improbable as no Italian authorities make such a claim, nor is there any 
record of the tactical use of this compound by the Italians in the war. 

When pure, diphenylaminechlorarsine is a yellow’ crystalline solid, 
of 1*65 (specific gravity, which melts at 195“C. (3S7°F*) and boils (with 
decompositioii) at 41DX. (770^,) under normal pressure. It has prac- 
ticafiy no vapor pressure or \'apor density, as it distills into the air in the 
form of minute isolid particles* The impure commercial product used in 
chemical w’arfare is a <lark browmisb green crystalline mass which par- 
tially liquefies at 160“C* (320"F*), but the major portion docs not melt 
until a temperature of 190“C* (374°F.) is reached. It is chemically a very 
stable compound, being unaffected by the humidity of the air or precipi- 
tation. It is insoluble in water and hydrolyzes very slowdy and with great 
difficulty, yielding hydrochloric acid and a toxic oxide [(CftHdaNHAsjjO. 
It is also very slightly soluble in the ordinary organic solvents and is not 
readily dissolved in any of the liquid chemical agents. The fumes of 
diphenylaminechlorarsine are much less inflammable than those from 
diphenylchlorarsine, so that there is much le>!S lisk of its inflaming when 
dispersed by heat* It acts on metals, corroding iron, steel, bronze, and 
brass. Upon dissemination in the air, it persists for about 10 minutes in 
l>oth hot and cold w'eather, so that it is classt^d as a nonporsistent agent. 

The ]ihysiologieal effects of diphenyl aminechloransine are in general 
Vi^rv similnr fu those cj' dhibciiykddorursiiie. Like the latter it sfronglv 
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irritates the eyes and mucous membranes of the nose and throat and 
causes violent sneezing and coughing. It then produces severe head- 
aches, acute pains and tightness in the chest, and finally nausea and 
vomiting* The irritation of the eyes and the respiratory tract is at first 
weak, but within a minute or so it increases in severity so that it become 
unbearable* The acute effects usually last about 30 minutes after the 
victim has left the contaminated atmosphere. Qualitatively, the physi- 
ological effects of diphenylaminechlorarsine differ somewhat from thoee 
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of dipbenylclilorarsinej it\ that they appear more i?lowly and laid, longer; 
also coughing and a burning pain in the norto and throat are less intense. 
During the time of exposure, the effects of the latter are more apparent, 
but in higher concentrations the effects of the latter were more immedi- 
ate and just as severe, but not as persistent as the former. The longest 
period of incapacitation from diphenylchlorar«ine was about 1 hour, 
while that from dipheuylaminechlorarsine was about 3 hours. The lat- 
ter is then more efficient as a casualty producer since men gassed there- 
with are put out of action for three times as long a period. 

To the average person, diphenylaminechlorarsine ia odorless in ordi- 
nary field concentrations, and one is not aware of breathing this gas until 
[sufficient has been absorbed to produce its typical physiological effects. 
It irritates the nose and throat in concentrations as low as 0,00038 mg. 
per liter (1:30,000,000), and causes irritation of the lower respirator^-' 
tract at a concentration of 0,0006 mg. per liter. A concentration of 
0.65 mg, per liter is lethal on 30 minutes’ exposure, while the lethal 
concentration for 10 minutes^ exposure is 3*0 mg* per liter. 

Like diphenylehlorarsine, diphenylaminechlorarsine is most effective 
when dis-seminated as a smoke, but when atomized, either by explosion 
or distillation, it readily penetrates the gas-mask canister unless fitt^'d 
witli the most efficient type of dust filter. Such filters have been devel- 
i>prd by all modern armies but they always increase the breathing resist- 
ance of the canister and add to the difficulty of securing adequate 
pn>tcct ion. 

As diphenylamineehlorarsine appears to be fully equal to diphenyl- 
chlorar^ine and is much easier to make, it bids fair to remain as the 
standard respiratory-irritant compound, at leo,Ht until it is rc^placed by 
i\ more effecti^'e one. 

]u addition to it.=5 value sm a eht'tnical-warfarc agent, diphcnylarninr'- 
f'hhirar.'^ine has proved to be very effective in suppressing riots and ci^■il 
disturbances of a more serious character. For this purpose, it is usually 
mixed with tc^ar gas (chloraeetophenone) and loaded in hand grenades 
which fumtion by progressive burning and distiU off the irritant com- 
iMiniid in it.-^ most effective form. 
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Phenyldichlorarsiiie (CeHiAsClj) 

German: Cross No* 1”; French: ^^Sternite" 

This compound is primarily a toxic lung injurant and is therefore 
treated in Chap* VII, page 165* In addition to its lung-injurant 
effect, however, it also exerts a considerable respiratory-irritant action, 
tuid for that reason, was used by the Germans in ^'Blue Cross 1 tihell 
in mixture with, and as a solvent for, diphenylcyanarsine* 

As pbenyldichlorarsine was not used alone during the war, there is 
no war data available as to its effectiveness by itself* When mixed with 
diphenylehlorarsine or diphenylcyanarsine, in approximately equal pro- 
portions, as it was used in the war, the mixture appear#* to have a moro 
irritating and toxic effect than either of the latter compounds when used 
alone. The 60-50 mixture produces toxic smokes similar in charaetei- 
to those produced by pure diphenylehlorarsine, but somewhat demwu- 
and slightly less penetrating as regards the gas mask* 

Because of its high toxicity and not inconsiderable vesicant effect, 
in addition to its respiratory-irritant action, phenyldichiorarsine is to be 
Tanked among the most valuable of the World AVar gases. 

Ethyldichlorarsine (CiH^\sCii) 

German: “Dick'* 

This compound ia also primarily a toxic lung injurant and lias l»een 
treated as such in Chap, VII. It is also a rather powerful respiratorj^ 
irritant. A concentration as low as 0*0038 mg- per liter (1:1,000,000) 
produces a slight irritation of the throat; 0.0125 mg* per liter (1:670,000) 
strongly irritates the noee and throat and produces a burning sensation 
in the chest w’hicb persists for about an hour after exposure ceases* 

Ethyldichlorarsine was introduced by the Germans in an attempt to 
produce a quick-acting nonpersietent vesicant and was first called “Yellow 
Cross 1.” It was soon found, however, that it W'as not very effective as a 
v esicant, but proved to be highly toxic and its classification was changed 
to “Green Cross 3.” It W'as thereafter used primarily as a lung-injurant 
*^gent. 



Its I'uinbim'd toxit', irritant, and vt^cant effects, together with 
low persistency and quick action make it a valuable war gas for offensive 
use. 

Ethyldibromanine 

Tbb compound is the bromine analogue of ethyldichlorarsine and its 
properties are almost identical therewith* It was used in the war only 
a mixture with ethyldichlorarsine in “Green Cross 3** shell and data 
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as to its effectivencfls alone are lacking* From its chemical stmeture, it 
should be slightly more powerful than the chloro-com pound, hut as 
bromine compounds usually attack iron and steel, any such advantage 
would be more than offset by the disadvantage of its corrosive properties. 
The reason for its use in the war is not apparent. 

COMPARATIVE EFFECTIVENESS OF RESPIRATORY IRRITANTS 

The effectiveness of the respiratory irritants depends primarily upon 
their minimum effective concentrations, since such concentrations are 
generally sufficient to incapacitate nten for the period during which the 
irritants are effective- Accordingiy, the lower the minimum effective 
concentration, the greater the effectiveness of the respiratory-irritant 
agent. On this basis, the foregoing respirator}-' irritants are arranged 
below in descending order of their effectiveness. 



Agent 


MiniTnuin effective concent r&tiou 


MiLUgTAinB 
per lit« 


P&rtA per 
million 




0.00020 

0.00038 

0.00043 

0.00500 

0.00716 

o.oioeo 

0.01696 


1:50,000.000 

1:30,000.000 

1:25,000,000 

1:3,000,000 

1:1,000,000 

111,000.000 

1:600,000 


l>iphcnylflinin«ch1oraTaine * . 

DiphenylchloiaTQin^ 


Phnhy 13 ifihloniriii n4‘ 


EthyidichbrATSin* * 

h vldi brnmarBl nn 


EtbylcariiKKil ' 



USB OF RESPIRATORY IRRITANTS IN THE WORLD WAR 
Based upon the total amount used in battle, the respiratoiy irritantf* 
constitute the third largest group of chemical agents used in the war. 
The Germans loaded no lose than 14,000,000 Blue Cross shells, of which 
only a very small part remained on hand at the time of the Armistice* 
It is estimated that a total of 6,600 tons of respiratory irritants were 
used in the war and produced 20,000 casualties, among which the deaths 
were negligible. On the basis of ca4!ualties, therefore, it required 650 lb. 
of respiratory irritants to produce one casualty, as compared Ui 230 lb. 
of lung injurants and 60 lb* of vesicants per casualty* Howe\^er, the 
tactical value of the respiratory irritants was far greater than simply 
their casualty value, as they w'ere certainly very effective in counter 
battery fire and for general harassment of troops. Also they undoubtedly 
helped to eecure a far larger number of lung-injurant casualties by pene- 
trating the mask and causing its removal in the presence of lungdnjurant 
gas concentrations. All in all, the respiratory agents played a major 
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role in the last year of gas warfare; while they were not used in their 
most effective form technically, it cannot be said that they were not 
successful tactically. 

FUTURE OF RESPIRATORY IRRITANTS 
The future of the respiratory irritants is somewhat difficult to esti- 
mate* The experimental work done by the Allies toward the end of, and 
since, the W^orld War ehowed conclusively that these compounds are 
Tremendously effective when thermally distilled and disseminated as 
toxic smokes; while all modem masks contain special filters for protecting 
iigainst these smokes, the protection is only relative and greatly adds to 
the breathing resistance of the mask* All things considered, it is believed 
that these compounds are destined to play an important part in gas 
warfare of the future* 

For a summary of the principal properties of the respiratory irritants, 
mee Table IV. 
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SUMKUJLT OV GASES 

We have now completed a survey of the 38 compounds which con- 
stitute the entire ^roup of World War toxic agents* For coni'enience 
of reference, a consolidated Ibt of these compounds b. given below, 
arranged in groups by physioiogical classification, in order of their 
c'hronological appearance (of the group) in the war, as treated in the 
foregoing chapters, 

L Lacrimatoim 

jStmpIe 

1 , Et h^vlbroTnacetat e. 

2. Xylyl bromide, 

5k beniyl bromide* 

4. Brommetliylethyl ketouo. 

5- Etfiyliodoacetntc.* 

(i. B^^uiyl iodidt. 

7, broiiibetiiyl cyanide** 

8, Chloracetophenone.* 

Toxi^ 

B. Chlonipctone. 

10, Bmmttcetone,* 

n. lodoncttoM. 

12, Acrolein. 

n. Lung Injuruts 

Simple 

1. Chlorine.* 

2, Mothylflulfuryl cbloride. 

3, Erhylsulfuod chloride. 

4. Mon fict h lorniothylrhloToformate. 
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5. Dimethyl sulfate* 

6. Perehlormethylmcrcaptan. 

7. Pboflgeho** 

&* Tricblomiethylchloroformite.* 
ft. Chlorpicrifi. * 

10* Phenylmrbylamine cbloridfi. 

11* Dichlormethyl ether. 

12. Dibrommethyl ether* 

Toxic 

13. Phony LdiohloraTaine. 

L4, Ethyldichlorarsine.* 

16. PhcnyldibromaTBine* 

HL Syateuic T«xl«t 

1. Hydrocyanic acid. 

2. Cyuncgon bromide. 

3. Cyanogen chbrida* 

IV* Veiicimt* 

1* Difhlorelhy] aulfide.* 

2, Chlor^'inyldiehbrarsine. 

3, Mcthyldicblorarsine. 

4, Dibromethyl sulfide* 

V* Respiratory Irrltaiits 

1* Diphenylchlorariine..* 

2- Diphenylcyanarsinc. • 

3. Ethylearbaxol. 

4. Diphetiylaminechbrarsitia* 

The 38 compounds listed above were selected from over 3,000 sub- 
stances which w’ere investigated to determine their value in chemical 
warfare, but only a small number, marked with an asterisk (•), achieved 
any notc^worfhy results in the war. The few’ really successful compounds, 
however, produced such astonishing results as to change the whole 
cliaracter of modeni warfare (see Chap. XXIV)* 

Even these successful agents were not used efficiently so as to really 
develop tbeir full possibilities* Much work has been done in tha. prin- 
cipal countries sii^ce the war to de^'elop more effective wa 3 rs and means 
of using the successful World War agents, and great progress has been 
made in this field. Aside from perfecting the various means of pro- 
jecting chemical.'? used in the war, great stress has been laid upon develop- 
ing effective means of dispersing chcmicats from airplanes. This new 
development bids fair to becomes one of the most formidable weapons 
of the future, the ultimate effect of which no man can safely predict* 

In addition to increasing the effectiveness of the World War agents, 
all nations have continued research to find still more powerful compounds 



for chemical warfare. Necessarily, the results of this research are kept 
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profound secrets and nothing has been published concerning the progress 
made in this field except sensational articles in popular magazines and 
newspapers, which arc not only grossly exaggerated, but are utterly 
unreliable. Hardly a month passes but the public is apprised under lurid 
Ijcadlinea of some new supergas a few hundred pounds of w'hich dropped 
from airplanes could destroy New York. These startling announce- 
ments are invariably the figments of the imaginations of sensation writers 
who really have no technical or professional know’ledge of chemical W’ar- 
fare, and, when their statements are analyzed, they are found to be 
without the slightest foundation in fact. 

AVhile these press reports of supergases are not to be taken seriously, 
it should be borne in mind that industrial research is constantly produc- 
ing cliemical compounds of ever increasing physiological povrer. We 
have seen in our survey of the World War chemical agents how' the effec- 
tive strengths of these agents progressively increased as each new one 
was brought out* Thus, it required a concentration of 5.6 mg. per liter 
of chlorine to render a man a casualty on 10 minutes^ exposure, while a 
concentration of only 0.0002 mg. per liter of diphenylcyanarsine would 
<‘ause a casualty on a 1-minute exposure. It was also stated that the 
resjhratory irritant agents are effective in the ratio of 1^35,000,000 of 
lH>dy weight. This was considered in the war as the extreme limit of 
i^ectiveness in low concentrations. Since the war, however, chemicals 
iiave been discovered which are effective in far smaller doses— now in 
the order of 1:1,000,000,000 of body weight. Thus, 1 oz* of irradiated 
ergofiterol, the new cute for rickets, will produce the same effect on the 
human body as 6 tons of cod liver oill When we remember that one 
Ubleapoonful is the normal dose of cod liver oil, we can readily appre- 
(^ate how tremendously powerful is this new drug and what vast progress 
has been made in this field in the few years that have elapsed since the 
war. As General Hartley saysr 

Sd^ntiete fire making very rapid ndvauceii, aad many of theae will hftvtt a direct 
'►'"iring un the nw£t war* It is alMolutcly ewentifll to make adequate proviKion lu 
L-^jntitiuc research on gas warfaie problerafi, at$ otherwise all prvpumtiotis for dcfenct* 
miiy pro\'e valutldsa* * * . Such rci*earch enn only be irnidc effective by the rioaest 
syn^pathy and cooperation bctiveen uoldiers and scientists, and imleA? their conpera- 
tion is much cloeer than it was before the late w^ar, there will be little rimnee of succeus. 
It is for the erientiste to explore the possibilities and to develop such as are thought 
bkdy to be of value, and for the eoldiere to apply the resuha to their in^'estigation of 
war problcmH. 
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CHAPTER XI 
SMOKE AGENTS 
CLASSIFICATION 

Smoko ifi the second member of the tripartite chemical arm. From a 
chemical- warfare viewpoint, smoke is a concentration of exceedingly 
mintite solid or liquid particles suspended In the air* Its purpose U ti^ 
obscure the vision of the enemy or to screen friendly troops and terrain 
from enemy observation. Its mission is thus essentially defensive and 
in this respect is directly opposite to that of gaa, for, while gas disables 
and kills men, smoke protects them by a sheltering mantle of obscurity. 

Tactically, we distinguish two kinds of smoke, depending on how it 
is placed with respect to enemy or friendly troops, ' A smoke cloud laid 
close to an enemy for the purpose of blinding him, or at least greatly 
restricting observation and thus crippling his fighting power, is termed a 
blankttiTig cloud; a smoke cloud generated close to friendly troops to con- 
ceal and protect them from the sight and aimed fire of the enemy, is called 
a screening clopd* 

Since the special group of ioxic smokes are employed like gases for 
their physiological effects and not for their incidental obscuring powers, 
it Is more logical to consider them as translucent gases and they are so 
treated in Chap, X* When the simple term "smoke'" is used, it will be 
understood as referring only to harmless obscuring smoke. 

Physically, we distinguish two general tjrpes of smoke, according to 
whether it consists of (1) solid particles or (2) liquid particles. The first 
type comprises the smokes of combustion, while the second comprw'J* 
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the fogs and mist« produced by chemical reactions not involving com- 
bustion- Each type may be used either for blanketing or Hereening, si> 
this physical classification has no tactical significance. 

HISTORICAL 

As with gaa, the methodical planned uee of smoke in battle was a 
development of the World War. History does record sporadic attempts 
to use smoke tactically In combat^ as when, in 1700, King Charles XII of 
Sweden crossed the Dvina River in the face of the opposing Polish-8axoa 
array under the protection of a smoke screen generated by burning large 
quantities of damp straw. But the results of such early, isolated inei- 
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dents were always too uncertain to justify the adoption of smoke as a 
recognized agency of w-arfare. 

As a matter of fact, for a century prior to the World War the dense 
clouds of smoke generated by the increasing quantities of black powder 
used in battle had been a growing nuisance. They obscured the field of 
vision, interfered with the aiming and firing of weapons, and hampered 
the movement and maneuver of troops. By the time of American Civil 
War, this bad become such a formidable problem as to force the invention 
of smokeless powder in order to restore visibility to the field of battle. 

Because smoke had so long been regarded as a tactical handicap to 
land warfare, development of methods for its artificial generation for 
military purposes prior to the World War had been constantly neglected. 
Actually, the first expenmenta in this direction were made under naval 
auspices, a fact testifying to the importance of concealment in naval 
tac:tic3. 

Two methods were employed to generate smoke screens at sea. One, 
used by the British and American navies, was the simple expedient of 
limiting the admission of air to fires under ships' boilers, so that, owing to 
incomplete combustion of the fuel, a dense black smoke issued from the 
funnels. This was done aa early as August, 1913, in the course of United 
States Navy maneuvers off Long Island* 

The second method was to produce a white smoke by the reaction of 
certain chemicals, such as sulfur trioxide and chlorsulfonic acid, in special 
generators placed on the aft deck of the ship. The German Navy made 
experiments with such chemical-smoke producers as early as 1906 to 
1909« 

According to Dr. Hanslian during the World War the 

German Navy used smoke screens with great success on several cruisers 
in 1915, particularly in the battle of Jutland in 1916, when smoke was 
generated from sulfur trioxide and chlorsulfonic acid on board ship and 
from fioating. containers. During the summer of l9l6, the Austrian fleet 
also successfully covered its retreat from the French fleet in the Mediter- 
ranean by the skillful use of a smoke screen. The regularly planneil 
tactical use of smoke on land commenced in the suimner of 1915, closely 
coinciding w'ith the introduction of gas warfare. 

Without doubt, the gas-cloud method of attack directed attention to 
the possibilities of smoke for screening parts of the battlefield from enemy 
observation. The dense clouds produced in damp weather by the 
release of chlorine served to mask the advance of the German, infantry 
which followed behind them, to demonstrate clearly the tactical advan- 
tage of concealment during the offensive. 

The British were the first to use smoke clouds artificially generated 
from special apparatus so as to mask their gas attacks and lead th(* 
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Germans to believe a gaS attack was being put over where actually no 
gas was used. In such operations the British were able to advance 
unmasked behind the harmless smoke while the Germans, fearing gas, 
were put to the disadvantage of wearing masks. Smoke was also used 
for other deceptive purposes such as to draw wasteful artillery fire on 
unoccupied sectors by generating a smoke scre^ to indicate that an 
attack w'as imminent. The Germans soon adopted these same tactics 
and in turn used them effectively. 

The first special smoke device used on land during the war was the 
British smoke pot containing a mixture of pitch, tallow, black powder, 
and saltpeter, which was introduced in July, 1915. The first large^ale 
smoke operation occurred during the attack of the Chadians against 
Messines Ridge on Sept. 20, 1915, where several thousand smoke shell 



w'ere fired from trench mortars. 

During the latter part of 1915 and in 1916, the use of smoke extended 
rapidly throughout all the principal belligerent armies. Not only were 
special smoke generators emplo3red by each, but smoke fiUings were 
loaded into every form of projectile. By the end of 1916 smoke was a 
standard filling in hand and rifle grenades, trench-mortar bomba, artillery 
^hcll, and even aviation bombs, and smoke tactics contributed to the 
successes of both sides in many important battles. 

By the fall of 1917, the tactical use of smoke on the Western Front 
had become so well established that General Pershing cabled the War 
Department on Nov. 3, 1917, asking that large quantities of phosphorus 
be quickly manufactured for filling smoke ammunition for the American 
Army. 

Following are some outstanding examples of imcceesful large^^cale 
tactical use of smoke during the World War. 

The capture of the German position on the edge of the Oppy Forest 
by the 15th British Infantry Brigade on June 23, 1917, under cover of a 
smoke screen erected with artillery and trench-mortar smoke shell, suc- 
ceeded with few losses after previous assaults without smoke had failed. 

The maneuvers of the 9th and 29th British Di\Hsions south of Metersn 
on Aug. 25, 1918, and the advance of the 1st, 2d, and 3d Canadian Bat- 
talions, at Vis en Artois sector, were conducted with great success by the 
aid of smoke. In both cases, under the cover of a dense smoke acrRcn, 
the German Front w^as penetrated and from 390 to 500 prisonene brought 
in. 

In crossing rivers, constructing bridges, and establishing bridge heads, 
-smoke was frequently employed with excellent results as in the following 
instances- 

The Austrian crossing of the Have from Vidor to San Giovanni on 
June 15, 1918, was, in the opinion of eyewitnesses, successfully made 

223 

chiefly because of a smoke screen so dense that it was impoesible for the 
excellently located Italian machine-gun flanking units4o see. 

The success with which the Germans in 1918 screeued with smoke 
their preparations for the transportation of troops over the Marne at 
Dormans VmceHeBr'Vetnouil was most noteworthy. 

Smoke was also successfully employed in a number of tank attacks by 
the Allies of which the following are outstanding examples : 

Jn the battle at Malmaison, October, 1917, a smoke screen including 
in part natural mist, concealed the majority of the French tanks so that 
tin- German Artillery had little effect against them and their losses were 
< oiTespondmgly small. 

The British tank attack at Cambrai on Nov. 20, 1917, was also 
favored by dense morning mist that was increased by intensive fire of 
smoke shell by the British Artillery. In this attack 360 British tanks 
moved forward in several waves and completely broke through the 
German defenses. 

French army officers report that in the battle of Meta, June 9-12, 
1918, the French counterattack against the right flank of the German 
iidvance, made with four divisions ’with 12 tank sections and two regi- 
ments of horse artillery, was able to surprise the Germans and force them 
TO retreat because of the protection afforded the counterattack by smoke. 

By the fall of 1918 the planned use of artillery smoke shell by the 
French had become normal. On Sept. 2, 1918, in the combats at Somey 
and Soiasons, three battalions of light tanks advanced behind a rolling- 
rtmoke barrage; despite German heavy standing barrages and a well- 
organised tank defense, the German lines were broken and kilometers 
of ground gained. In the hard fighting of the French Fourth Army in 
1918 in the Champagne, the loss in tanks from artiUeiy fire was greatly 
reduced by the general use of artillery smoke shell. 

Concerning the penetration of the German front by the British at 
Amiens, on Aug. 8, 1918, during which 330 tanks, most of them heavy, 
pushed through the German lines by surprise, General Fuller 
emphasizes that: “The only artificial element in this successful attack 
was tlic ordinary smoke barrage inserted into our artillery plan, ivhich 
fire increased the haziness of the early morning hour and the confusion.” 
In t lie battle of Cambrai-St, Quentin, Sept- 27 to Oct. 9, 1918, tanks of 
the Ninth Tank Battalion made repeatedly successful use of smoke 
screens produced from the exhausts of their own engines and thus prv- 
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losses from the fire of German close-range guns. 

During the German drives in the spring and summer of 1918^ jmioke 
shell were used in large quantities to blind observation posts and strong 
lK>ints of resistance. Also iu the German retreats in the fall of 1918, 
^rijoke was used very generally to cover withdrawal from covering posi* 
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tiona, notably after the retreat from the Marne in 191S and from the hill 
to the east of Beaumont Hammel in the same year. On both of these 
latter occasions^ by developing dense smoke screens, the Qennans were 
able to escape with small losses. 

Smoke wm also widely employed by the British and by our owti 
gas troops in conjunction with their gas attacks; In smoke operations 
the British Special (Gas) Brigade used over 40,000 4-in. Stokes smoke 
Iwmbs, and in one such operation, just north of Armentiferea on Sept. 
26, 1918, 16,000 smoke candles were lighted by a single company. 

Although drop bombs filled with white phosphorus were used to 
some extent in the World War, the tactical employment of smoke by air- 
planes was not developed to any appreciable degree. 

On the whole, the tactical use of smoke during the World War lagged 
behind the tactical use of gas. It is safe to say the possibilities of the 
planned use of smoke in battle were only beginning to be realised at the 
close of the war. 

It is a fact that, while the Germans took and held the initiative in the 
use of ghs throughout the World War, the Allies excelled the Germans 
in the use of smoke, both from a qualitative and quantitative standpoint. 
This is explained by the Germans as owing to the lack of phosphorus in 
Germany and its availability and employment in enormous quantities 
by the Allies, 

Since phosphorus Was lacking in Germany and Austria, these coun- 
tries had to resort to sulfur trioxide and other smoke-producing acids 
which were inferior to phosphorus. Nevertheless, the Central Powers 
made extensive and generally effective use of smoke during the last 
two years of the war. 

Since the war distinct progress in the development of smoke technique 
and tactics has been made, particularly in the United States, Great 
Britain, and Germany. Not only have the World War means of using 
smoke been greatly improved, but an entirely new method of laying 
smoke screens by spraying from airplanes has been developed in all 
important armies. 

JlATTnRB OF SUOKfi 

We have already pointed out that the military term “smoke^' com- 
prehends two basically different phenomena: (1) an aerial concentratioi^ 
of minute solid particles resulting from combustion, and {2) an aerial 
concentration of minute Ugvid particles resulting from chemical reactions 
not involving combustion. Neither of these phenomena can be scien- 
tifically classified into any of the three standard physical states of matter. 
On the contrary, both are “dispersed "forms of matter, known as 
minpensiohs or solutions. 
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The colloidal state of matter is characterised by an intimate admixture 
of at least two phases-^the dispersed phase and the dispersion medium, 
by a_ ditpertiort of this kind is meant the regular distribution of one 
substance into another in such a way that the individual particles of the 
one substance are suspended separately from each other in the second 
substance — in tbia case, the air. In this sense smoke is to be regarded 
as a two-phase colloid whose dispersion medium (air) is in the gaseours 
Ktaie and whose dispersed phase is a totid or a liquid. So-called coUtiidai 
solutions of tbia kind have physical and chemical behavior entirely 
<lifferent from normal solutions (such as sugar In water), in that the size 
of the particles may vary within certain limits without causing the 
solution to lose its colloidd character. 

The particles of a smoke ot fog vary in size from those just large 
enough to be perceived by the unaided eye to those that approach the 
rase of single molecules. In general, smoke particles are intermediate 
in siie between dust particles (10^^ cm.) and gas particles (10^^ cm.) and 
average about 1D~* cm. in diameter. As a rule, the smaller the particles 
in a given quantity of smoke, the greater is their obscuring power; hence 
the aim is to generate a smoke consisting of the maximum number of 



particles of minimum size. 

Since smoke is a suspension of minute solid or liquid, particles, it is 
not a true gas and does not follow the law of ga^^eous diffusion. However, 
owing to the collisionB of the molecules of air ’nith the smoke particles, 
the latter exhibit Brownian movements as the result of which they 
gradually diffuse and spread. Because of their greater mass and inertia 
and the resistance of the air, the larger particles of smoke diffuse more 
slowly than the smaller ones. But, compared i^ith the effects of wind 
and convection current, diffusion plays an almost negligible part 
in the dispersion of smokes; even in very denw smokes, the weight 
of the smoke particles is only a small fraction of 1 per cent of the 
\^■eight of the air it occupies, so that a smoke cloud is distinguished 
from the surrounding atmosphere only by the small amount of suspended 
foreign material. 

If smoke is released in warm air, it 'ftill rise as the warm air expands, 
i.e,, becomes lighter than the surrounding air and rises. If released in 
cold air, where these upward convection eurrent?* are absent, the smoke 
will spread out in a horizontal layer and cling to the ground. The move- 
ment of the cloud is therefore merely the movement of the air, which 
accounts for the characteristic behavior of smoke douds. 

Since floating smoke particles are themselves heavier than air they 
gradually fall, although at a very slow rate that varies with the size of 
the particles, Tims, according to Grey and Patterson (31) a smoke 
particle having a diameter of 10"^ cm, (the most common size of smoke 
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particles) falls about 0.071 in, per minute, which U so slow as to be neg- 
ligiblp for practical purposes. 

In the same manner as particles in colloidal solution, smoke particles 
tend to unite and increase in size by cohesion and coalescence as they 
eonxe in contact with each other by Brownian movements or air currents. 
This agglomeration takes place much more rapidly in a dense than in a 
tltin smoke. When the smoke particles are completely dry, agglomera- 
tion is not obser\>^ed; but when the particles are liquid, or of a deliquescent 
riolid with condensed surface moisture, this is more pronounced. The 
in<-rease in the number and size of the larger at the expense of the smaller 
particles increases the rate of settling and decreases the concentration 
of the cloud. Also, the smaller smoke particles vaporize more rapidly 
because their surfaces are greater in proportion to their weiglit. From 
the foregoing it follows that a smoke is most stable when its particles 
are of the minimum size and consist of a dry nondeliquescent solid 
material. 

OBSetmUTG POWER 

Smoke obscures visibility by obstructing the rays of light and diffract- 
ing them by reflection from the individual smoke particles. As the 
obstruction and diffraction of the light rays is dependent primarily 
upon the number of smoke particles in a given volume, a maximum 
number of the minimum-size particles produces the greatest obscuration. 

The tactical value of a smoke is measured by its power to obscure 
objects behind it. The term for such measurement is T.O,P. (total 
obscuring power). The T,O.P. of any smoke is the product of (1) the 
volume produced per unit weight of material used and (2) the density 
of concentration. The density of a smoke is the reciprocal of the smoke 
layer (in feet) necessary to obscure the filament of a 40-watt Mazda 
lamp, and a cloud of unit density is one of which a l*ft. ^'crtical layer udll 
just obscure the filament. If the volume of smoke per unit weight of 
inert smoke material is expressed in cubic feet per pound and the density 
in reciprocal feet, the unit of T.O.P. is square feet per pound!: Tlie 

T.O.P. of a smoke is therefore the area in square feet cfjvered by the 
smoke from 1 lb. of smoke-producing material, spread out in a layer of 
such thickTiess and density that it will exactly obscure the filan^ei^t of a 
standard 40-watt lamp. 

Factors Affectmg T.OJP* — The three factor? that most affect the 
T.O.P. of a smoke are (1) rate of settling, (2) humidity, and (3) 
temperature. 

By rate of settling h meant the velocity with which the smoke par- 
ticles fall to the ground under the influence of gravity. This increases 
with the size and density of the smoke particle. For particW larger 
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than Itr* cm. (the most common size), Stokes law givee for the tate of 
settling (in air of spheres of unit density) a velocity 

V * 3 X 10“* cm, per second 

This law does not hold accurately for particles smaller than 10’^ cm,, 
the steady velocity of fall here being greater than indicated by the law. 
But since convection currents are usually greater than the rate of settling 




of particles 10^* cm, in diameter (11 cm. per hour)j it is evident that such 
particles would never settle in ordinary atmosphere. Hence, except in 
very quiet air, smoke particles must- grow to the order of 10”* cm. before 
appreciable settling can occur, in quiet air, after sotne time, i>articlee of 
order 10^^ cm. may settle out in appreciable quantities, but particlR^ 
of order 10"* cm. are probably precipitated only as a result of diffusion 
and convection (31), 

Chart XV siiOTS’s the relation between T.O.P. and elapsed time after 
initial fonnatioti of a standard smoke, due to settling oxit of tiie smoke 
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particlee. Chart XVI ehot^B the effect of Auntidtl^ on the T,0,P, of a 




standard emoke, temperature being constant. Chart X\1I shows 
effect of temperature on the T,0,P. of a standard smoke mixture, humidity 
remaining constant. 

From Chart XV it wiU be ob^ed that T,0,P, at first sharply 
increases and then progressively decreases with elapsed time after 
generation of the smokej Chart XVI shows that T,O.P. varies directly 
With humidity; Chart XVII shows that T.O,P, varies inver^ly with 
temperature. 

These charts indicate typical relations betw^een T.O,P. and the factors 
that principally affect it. While these relations apply in general to all 
smokes, there are some notable exceptions; the T,O.P. of phosphorus, 
is unaffected by temperature, and the T.O.P* of ammonium chloride 
is unaffected by humidity. However, these are not important, while 
there are a few’ exceptions to the T.O*P*-temperature law showrn in Chart 
XVII, ammonium chloride and carbon smokfes (such as those genem^ 
by (I'ude oil) are the only smokes that depart from the T,0*P,-humidity 
law, show’ri in Chart X\T. 

Another useful measure for comparing the obscuring values of smokes 
is the so-called etandaTti emaket defined a^i one of such density that a 
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25-candle-power electric light is Just invisible through a layer of smoke 
100 ft* thick* 

PBIUCIPLSS OF SMOKB PRODTJCTlOlf 

A satisfactory smoke cloud requires, in the first place, density; a 
relatively thin layer of the smoke must completely obsrure any object 
behind it. In the second place, the cloud must be inherently stable; it 
must not quickly dissipate or dilute, nor must it settle out. Third, the 




cloud must easily be produced without complicated apparatus or difficul- 
ties of manipulation. Finally, the materials requir^ for producing the 
cloud must be readily available, easy of transportation, and not danger- 
to handle. 

Any smoke fulfilling these requirements must be composed of extremely 
small liquid or solid particles dispersed in the air. The individual 
particles must be large enough to disperse and diffuse li^t ; but otherwise 
the smaller the particles, the gteater the obscuring power for a given 
toonoentration of ^oke in air and the more stable the smoke. The 
diffusing power of a given particle is probably not greatly iufluenoet^y 
its Bite, provided the particle is large enough to diffuse light at all. The 
problem of smoke formation, therefore, reduces itself to the problem of 
produdng a Buspenaion of extremely small particle of the Bmoke-forming 
substance in air. Sucoeaaful smoke production depends upon appreciation 
and application of the following generaliaation. 
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Every particle of liquid, or BoUd, in contact with a gas b surrounded 
by a film of gaB closely adhering to it and capable of removal or penetr^ 
tion only by the projecthm of another solid or liquid particle through it* 
This film Bervea as an effective insulator, separating the particle from the 
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giiK around and breaking do\ra only through mechanical rupture* 
\Vhen Mtich a particle travels through the gaa, the film moves with it; 
when the gas mo\es past the particle^ the film is distorted and made 
thin^ but in no ease completely removed* The protective action of this 
film upon the uolid or liquid surface can never be lost sight of if the 
phenomena of cloud and smoke formation are to be appreciated. 

Such particles of solid or liquid suspended in gas do not diffuse. This 
fact in connection with the insulating power of the gas film around them 
makes the removal of them from the gas extremely difficult. For 
c'xample, gas containing a small amount of HCl can be v-ashed free from 
the acid by bubbling through water, even though the rate of bubbling 
Im‘ very high. On the other hand, a gas containing a fume of NH^Cl can 

bubbled through water almost indefinitely without appreciable removal 
of the fume. The HCl being a gas, diffuses with extreme rapidity througli 
the stationary film of air on the surface of the water in contact with the 
hubbies and iu this way is effe<'tively removed, and the solid particles 
incapable of diffusion pass through unabsorhed. 

Such small suspended particles of either liquid or solid have also prac- 
tically no tendency to coalesce. Even should two such particles tend to 
ai>proacli each other, they are held apart by the cushion or buffer effect 
of the air films around them* If, howei'er, the particles be large, two 
particles approaching each other may hai'c sufficient momentum to 
lienctrate mechanically the surrounding gas films and in this way come 
Together. Particles large enough to evidence this phenomenondo any 
^‘tinsiderable degree are too coarse to be described as smokes or fumes. 

A smoke or fume, onee formed, can undergo gniwth of the jferticlw 
finiy tlirough condensation of gaseous or 'I'apor components in the air 
around them. Thus, a particle of NHiCl can grow only by the diffusion 
into it through the gas film surrounding it of gaaeous NHs and HCl. A 
particle of water in a fog grows only by the infusion of atmospheric w ater 
vapor through the air film surrounding the drop. In other words, in 
order to build up a particle of smoke or fume, that particle must be 
formed by the condensation of gaseous components. It cannot be pro* 
duced from liquid or solid reagents. 

In illustration, a fume of NH*C1 is formed only by the interaction of 
the vapors of its components; SO^ cannot be absorbed by water because 
it reacts with the w’ater vapor above the liquid surface to form a fog of 
sulfuric acid, the water vapor being continually replenished as fast as it 
is exhausted by evaporation of the water and diffusion of the water vapor 
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through the stationary film of air about the liquid; and HCl can be 
readily absorbed by aqueous ammonia, because of formation of a fog by 
interaction with the ammonia vapor from the solution. Only substances 
w'hich volatiliae before burning, such as soft coal, phosphorus, and the 
like, produce a cloud or smoke upon combustion* 

To produce a smoke composed of particles of suitable minuteness, it 
is necessary that the components from which the smoke is formed be 
diluted w ith some inert gas before condensation. If this precaution is 
I mt observed, the particle of smoke initially formed will grow' with extremr- 
m]>idity, owing to further condensation of its componeTits, wo tliat a large 
particle result.^. Only w'hen the particle first formed finds the tqjaof^ 
around it deph-ted of its components, does it cease to grow . It is there- 
fore self-evident that to produce a high-grade smoke, a diluted gas must 
be employed* 

One of the most striking illustrations of this is tlie fa<-t that phos- 
phorus burned in a large excess of air, w'ith good cireu latum, prxuluees 
an extremely stable smoke; in insufficient air, with poor circulation, the 
smoke settles rapidly and has little obscuring power. Every smoke thus 
far studied shoves very markedly the beireficial effect of dilution, even up 
to a dilution of several hundred times. Many reacting gawes w'hen 
<liluted with 100 times their volume of air show from 20 to 50 times the 
T.O.Ph obtained when the gawe^ are diluted with but twc» or three volumes 
r>f air. 

In general, dilution is beneficial up to a point wdiere the reaction 
liegins to be incomplete* This occurs much sooner w hen a large number 
of molecules must participate in the reaction than when the reaction is a 
simple one* For example, the first step of the reaction l>etween chkmne 
and ammonia is 3Cli -h 2NHi ^ 6HC1 Ni; the rate of this fifth-order 



reaction drops off as the fifth power of the cozicent ration, and fherefort^ 
Ijt'gins to be complete before the full bi^neficial effects of dilution can Ix^ 
rcaliied. On the other band, HCl and NH| can be dilut(xl to a ypvy high 
degree w’ithmit preventing complete reaetion, and therefore the ohseuring 
\io\\pr per pound can be made three times as great as that for ammonia 
and chlorine, although the substances formed are exactly the same. 

If the smoke consists of a nonvolatile solid, if nmkew practically no 
difference how the diluent air is distriljuted between the two rr'acting 
lifliiOH, any method of dilution bidng alxuit equally effective in the prre 
duction of a larger number of small particles. On the other hand, if 
there is the possibility of forming at any stage of the process liquid drops 
tliat grow in the presence of an excess of either component or if there is 
the poesibility of forming two different compounds, the method of dilu* 
tioJi l>t‘t*omes quite important and the best method must be determiniKi 
by !i .study of the reaction in qucS!tion, 
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In order that a smoke shall have reasonable stability, it must be non- 
volatile, or nearly so* A smoke produced by the condenaation of HCl 
and water vapor dears up rapidly in ordinary air, owing to complete 
evaporation of the mixture. The same is true of a smoke of ammonium 
carbonate and similar substances. Such smokes will also frequently 
block out the particles growing by the following mechaiiiam; a small 
particle has a higher vapor pressure than a large one; such a small particle 
tends, therefore, to evaporate and to diffuse through the stationary air 
films surrounding it, condensing later upon some larger particle. This 
resultii in the disappearance of the smaller particles and grow-th of the 
larger ones. Thus, SnCU reacts with water vapor to make a fog, eonsist- 
ing of a mixture of particles of stannic hydrate and a solution of HCl in 
water; this fog is poor because the stannic liquid particles rapidly and 
completely evaporate in unsaturated air* The use of ammonia in the 
production of this fog greatly improved it by introducing stable ammo- 
nium chloride particles* 

Other things being equal, liquid particles are poorer than solid par- 
tides because they tend to condense into themselves any one of their 
eomiKuicnts that may be present in excess, while a solid particle will only 
f'nnflf'use in a ver 3 ’^ small excess of one component before ceasing to grow. 
For example, a fume formed from HCl and water vapor will condense 
either water i^apor or HCl almost indefinitely, wiiereas one of ammonium 
chloride will not grow in the presence of either component. Deliquescent 
solids are, of course, open to the same objection, since they continue to 
absorb moisture and groTV to small drops of saturated solution. 

SUBSTAlfCES USED AS SMOKE AGERTS 

The substances that have been successfully used as smoke agents fall 
into five main groups, m., smokes that ow'e their obscuring powder to: (I) 
particles of <'olloidal carb<m suspended in air; (II) partldes of phosphoric 
add; (III) siilfurir acid; (IV) hydrochloric acid; and {AO sine chloride. 

Kadi of tlu*se groups appeared about in the order named and, except 
for plio.'^phonis (tlie l>est of all smoke producers), each w'as an improve* 
nient upon its prcdecc?«»or. 

Group I 
Crude Oil (CO) 

The earliest modem method of produ<-ing artificial smoke was by the 
iiK^omplete combustion of the crude-oil fuel under the boilers of naval 
\ ertscls, especially destroyers. Crude-oil smoke was used by the Germans 
in the Battle of Jutland (1915) to cover a turning moyenient that enabled 
the German High Seas Fleet to escape from the pursuing British* It is 
now' used by all na^nee to eroct smoke screens at sea. 
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The Oil used for this putpoM is the mixture of hydrocarbons know n by 
the trade name of erWs oil* It is a liquid of 0.8 specific gravity which 
solidifies at -20^* (-3^F.) and boils at 200*C. (392°F*). When incom* 
pletely burned it evolves a dense black smoke that derives its opacity 
from particles of colloidal carbon floating in the air. Oil smoke is slightly 
.suffoT^ting when dense, but has no other deleterious physiologicAl effects. 
It is one of the few artificial smokes that are not affected by the humidity 
and is noQcoTTosive to material* 
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The smoke produoed from crude oU may be generated in three ways; 

1. The oil may be evaporated by heat and condensed again in the 
air to form small droplets. Such smokes are, hoi^-ever, very unstable 
owing to the vapor pressure of the oil, which causes it to assume the 
gaseous state with conse<iuent disappearance of the colloidal carbon 
particles that constitute the smoke. 

2. The oil may be only partially burned, the carbon thus separated 
in solid particles which at first float in the air and form a dense smoke. 
The solid particles soon coagulate into flakes that quickly settle out and 
drop to the ground. Such smoke is therefore quickly dissipated and has 
poor screening value. 

3. The best method b a combination of the first two; t.e., there is 
sn imperfect combustion of the oil and at the same time an evaporation 
of the excess oil. In this case the liquid particles surround the solid 
particles of carbon and prevent their coagulation into flakes. Such a 
smoke is grayish black and is far more stable. 

Notwithstanding the tendency to clog up the flues by depositing solid 
carbon therein, all modem navies use thb method of producing smoke 
fscreens at aea. It requires no special apparatus, b cheap, and can readily 
generate large screens in a short time. Two ounces of crude oil are 
required to produce 1,000 cu. ft. of HaTidard sjnofrc and the cost b 8 centfi; 
thi?? is therefore the dieapest of all artificial smoke producers. 



British Type S Mixture 



The first material used in the World War for the generation of artificial 
Hiiioke on land was the Britisli Type S smoke mixture. Thb wari u«ed a^ 
a filling for the first smoke candles, called “Smoke Torch, Mark I, 
Type S/' and consisted of the following ingredients: 



Pbtufuum Nitmte. 

Sulfur 

Pitch. 

Borax 

OUm^ 



Par Ont 
by Weiicht 
...40 
IZ 

... 30 

. ft 
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Later in the war these ingredients were somewhat modified for the Snioke 
Candle, Mark II, Type S-I, to includej 

Per Cent, 
by Weight 

Kitar 40 

Sulfui- 14 

Pit^h fhivnb 2ft 

Borax ft 

Codl dust ft 

The ingredients were ground, mixed, screened, and, while Mtifl in a plaatic 
('ondition, pressed into a 3-lb. tin container. 

These candles hjarned 'Vigorously for about 3 minutes and generated 
a large volume of yellowish bro'ft'n smoke. The obscuring power of the 
smoke was due principally to the incomplete combustion of the Holid 
carbon particles in the pitch. Its T.O.P. was quite low (400) and its 
^^creening properties were unreliable since the smoke had a tendency to 
rbe rapidly, break up, and leave gaps in the screen. Yet the agent was 
cheap, easily produced from readily available materials, and had good 
keeping properties. These candles ivere therefore used in laige quantities 
through the war by both the Britbh and Aineriean armies. 

Group II 

White FhoaphoruB (WP) 

One of the earliest and by far the most efficient material used in the 
war for generating artificial smoke was phosphorus. This dement exists 
in two allotropic forms: white phosphorus and red phosphorus. White 
phosphorus, the normu and common form, was dbcovered in 1669 by 
the German chemist, Brand, who noted that it b spontaneously inflam- 
mable at ordinary temperatures and bums with a dense white smoke. 
While both white and red phosphorus were used in the war, white phos- 
phorus was by far the most effective and the most widely efiiployed and 
is the form now generally denoted by the word phosph^nin. 



Phosphorus is produced on a large scale in industry by heating pliof<- 
phate rock (calcium phosphate) in an electric furnace. Sucli phosphate's 
exist in enormous quantities in the United States and North Africa. 

White phosphorus is formed by quickly cooling the vapors dbtillcd 
from the phosphate rock, W'hen pure it b a waxy solid, of 1.8 specific 
gravity, 'which melts at 44^. (111“F.) and boils at 287“C, <549"F,). It 
is chemically very active and combines readily aith oxygen in the air, 
even at room temperature. The greater the surface exposed to the air, 
the more rapid b the reaction. Upon oxidation the phosphorus becomes 
luminous and in a few minutes burets into vigorous flames that can only 
be quenched by complete submersion in water. It must therefore be 
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stored and worked entirely under water, W^hite phosphorus is insoluble 
in water but readily soluble in fats and in carbon bisulfide. 

Red phosphorus is produced by lieating white phosphorus to a tem- 
perature of from 250** to 300°C-, out of contact with air, and then dissolv- 
ing out the small traces of unchanged white phosphorus v^ith suitable 
Molventa. Hod phosphorus b a reddish brown amorphous powder, of 
2.3 specific gravity, which is chemically much less active tlian whit-<^ 
phosphorus. In contact with air at ordinary temperatures, it remains 
unchanged for a long time; it does not appreciably diwMolve in carbon 
bisvilfide and the ordinary solvents for white phosphorus; it does not 
IxTOme luminous; and it can be heated to 260^C. before ^t ignites. Its 
I'apors are not toxic as are the vapors of white phosphorus. 

Both forms of phosphorus combine with oxygen in the air to form 
phosphorus pentoxide: 



4P + 50, - 2P*0, 

Tlie phosphorus pentoxide b then converted by the mobture in the air 
to phosphoric acid: 



+ 6H*0 - 4HiPO^ 

Tims 1 lb. of phosphorus combines 'with 1.33 lb. of oxygen and 0.9 lb. of 
lA-ater to form 3.23 lb. of phosphoric acid, which makes phosphorus the 
best smoke producer, pound for pound, of any kiioun material. The red 
phosphorus does not equal white phosphorus for generating smoke and 
for that reason b seldom used alone, but it has been mixed with white 
phosphorus in the ratio of 1:2 in artillery and trench-mortar smoke shell. 

While the vapors of white phonphorus are exceedingly toxic, the^p 
vapors are so quickly oxidised to phosphorus ]x^ntaxide and phosphoric 
Hcid as to be harmless to men and animals in ordinaiy fi(4d roneentra- 
tifms. There U some difference of opinion as to the physiological effect 
of rihosphorus smoke because of the posidbility of the continued presem^e 
of phoMphorus vapors therein. Extensive field tests, however, have 
shown no injurious effects from phosphorus smoke under conditions 
which obtain in the field. 

In addition to its smoke value, phosphorus is of tactical importance 
lK*<!aui4e of its burning effect upon both persniinel and material. In con- 
tact with the body, pLoaphorus produces bums that are slow and difficult 
to l)caJ ; thus the firing of phosphorus against personnel hasa psychological 
value that greatly increases its tactical effecti'v^nese. Against material, 
however, the incendiary effect of phosphorus b limited, as if ignites only 
readily combustible materials^ *o that here it b inferior to thermite and 
nthcr primarily incendiary materials, 
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The principal disad'vaaUges of phosphorus are; (1) the difficulty of 
ator^ and handling; (2) the bri^t flame produced when burning; and 
(3) that it is a eoli^ and cannot be sprayed without dissolving in highly 
inflanunabie and dangerous solvents. In spite of these drawbacks, phos^ 
phorus remains todayone of the most efficient smok&-produdng material 

Group 111 

Siilfuric Trioxide (SO.) 

Sulfuric Anhydride 

Next to phospbontSi sulfur trioxide was the best smoke producer used 
in the war, notwithstanding that it requires humid air to develop its full 
effect. It b prepared by passing a mixture of sulfur dioxide and oxygen 
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over a catalyst {such as sponge platinum) at a temperature of from 400* to 
450 °C. It may also be obtained by the catalytic combustion of aulfurouK 
acid in special contact ovens. When pure, sulfur trioxide is a mobile 
™lorless liquid, of 1.92 specific gravity, which boils at 45*C, (113"F0 and 
freezes at 18*C. (60°F.) into a transparent solid of 2.75 specific gravity. 
It also polymerizes spontaneously into an asbestoid ciystalline mass, 
(SOs)i, of l.fiT specific gravity, which melts at 40°C. (104"F.) into the 
liquid commercial product. On contact with the air it fumes vigorously 
and throws off dense white clouds composed of minute droplets of sul- 
furous and sulfuric acids. 

Sulfur trioxide produces its smoke effect by the formation of fine 
droplets of sulfurous and sulfuric acids that remain suspended in the air 
for some time because of their minute size, and then are not volatilized 
because of the low vapor pressure of these acids. As the SOj fumes com- 
bine with moisture in the air, concentrated sulfuric acid is formed, which 
attracts more moisture and tends to become diluted, until finally an equi- 
librium is established between the moisture in the air and the sulfuric 
acid droplets, the latter being concentrated in proportion to the humidity 
of the air. Sulfuric acid is not so hygroscopic ns the phosphoric acid 
formed by burning phosphorus, and the formation of its droplets stops 
sooner, so that sulfur trioxide smoke is less stable than phosphorus smoke. 

Since sulfurous and sulfuric acid are corrwive, the SO| smoke has a 
r^omewhat irritant effect upon the respiratory organs and the skin. A 
concentration of even 0.010 mg. per liter causes a hacking cough which 
IS much aggravated in higher comment rat ions. A concentration of 
0.030 mg. per liter completely obscures objects 20 ft, distant. In humid 
weather sulfur trioxide hajs an obscuring value equal to 70 per cent of 
that of phosphorus. 

During the w’ar sulfur trioxide was used as a filling for German 
artillcn’ and trench-mortar smoke shell. Since the war extensive experi- 
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ments have been made in Germany, England, and America in sprajring 
sulfur trioxide and other liquid smoke-producing materials from airplane 
tanks for the production of smoke screens. Various portable dcvict^^i 
have also been invented for evaporating and spraying SO’ to form smoke 
concentrations on the ground. 

Oleum (SO, + H,SO0 
Fuming Sulfuric Acid 

Oleum is a solution of sulfur trioxide in coneenirated sulfuric acid, 
the jjroportions of SO, varying from 20 to 40 per cent. It is a dense 
liquid tliflt fumes vigorously on contact witli air. During the w^ar, for 
producing smoke screens on land and sea, the Germans used special 
smoke generators in which oleum was brought iu 

contact with quicklime. In thejje generators the oleum w^aa permitted 
to drip on a bed of quicklime, which in a few minutes became red hot 
from the beat of the reaetion (68, 6(H) calorit^s per mol) and quickly evap- 
orated the oleum w hich continued to drip bn it. The smoke thus formed 
\v^ vigorously emitted in a very finely atomized foiTu, free fr<nn large 
drops. 

Oleum was also used in the war by the Americans for generating 
smoke from airplanes and combat tanks by squirting a small stream of 
it into the hot exhaust manifolds of the engines. In this way, the engine 
exhaust heat was uaed to evaporate the oleum in lieu of the heat chemi- 
cally generated by quicklime in the German smoke generators. 

Experiments with oleum show’ that its smoke-producing power is due 
solely to its sulfur trioxlde content, the sulfuric acid itself acting only as 
a solvent. Pure sulfur trioxide is sutJcrior os a filling for smoke shell, 
while oleum gives better results w hen progressively evaporated by beat. 

Chlorsulfonic Acid (HClSOj) 

Chemically and as a smoke producer, chlorsulfonie acid is very similai- 
to sulfur trioxide. It is obtained by acting on sulfur trioxide with gaseous 
hydrochloric acid: 

SOi + HCl - HClSOi 

This is a colorless liquid, of 1.77 specific gra^■ity, whiidi boils at 158*C' 



{316*F.) and fumes on contact wdth air, fonning sulfuric and hydrociiloric 
acids : 

HCISO, + H,0 - H*SO* + HCl 

Chlorsulfonic acid w-as first used by the Germans, wdm adopted il as 
a smoke agent early in the w’ar, using the oleum proeess of dripping on 
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quicklime. It produces a volatile and not very dense smoke and has 
now been superseded by other materials. 

Sulfuryl Chloride (SOiClt) 

A third smoke-producing substance closely related to sulfur trioxidn 
is wulfuryl ^'hlc^rid^^ This compound is a colorless extremedy jnuigem 
liquid, of 1.66 specific gravity, w'hich boils at 70*0. (158“F.) and det*oni- 
j>oHes on contact witli moist uiv iji air to form sulfuric and hydrochloric 
itcids. Its efficiency as a smoke prodm^er U very much lower than the 
other subfdanees in this group and for that rcAKon was not us^'d alone as 
a smoke agent. It was, h<jwev^er, extensively emphjyed by the Allies in 
mixture w’ith certain toxic gases, such as plaisgeiie and chlurpicrin, as a 
“fumigant” to render the toxic-gas ccmcent rat ions visible. 

Sulfur Trioxld«-Chlortulfotiic Acid Mixture (SO;i -h St), HCl) 
American: “FS” 

The several disadv antages of fifanium tetrai'hloride led rii search for 
a substitute liquid and finally resulted in the discovery tliat a mixture 
consisting of Hulfur trioxide and chlorosulfonic acid produced a superior 
smoke agent. 

This mixture, knowm by the symbol '*FS," w a liquid of 1.91 specific 
gravity, w’hich freezes at ( — 22“F.), and has a T.O.P. of 2,550 as 

f’ompared to 1,900 for titanium tetrachloride. FS costs only 7.5 cents 
per pound as compared to 30 cents per pound for FM ; at deposite no solid 
residue on hydrolysis and therefore flows freely from noxzle^i without 
clogging the eduction ports. There is no marked difference in the rate 
of settling, of the tw’o smokes, so that they are about equal in persi.<5tency. 

The only disadvantage of FS is its highly corrosive action on metals 
and airplane fabriesj although in this respect it appears to be no worse 
than FM. Because of its all-around superior qualities, FS has been 
adopted as the standard liquid-smoke agent of the United States Army 
and Navy. 

Gkoup IV 

Tin Tctnchloiidc (SnCb) 

British: French: “Opacite” 

As phosphorus waa very dangerous to w’ork with and could not be used 
in liquid form for spraying without extreme hazard to using troops, and 
since the various SOi compounds oxidizing sulfuric acid ivere very cor- 
rosive, much effort was expended tow’ard the end of the war in finding 
substitute smoke agents free from these disadvantages. This resulted 
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in the introduction of a series of metallic chlorides of which tin tetrachlor- 
ide was the first. 

This compound is obtained by the direct chlorination of metallic 
tin. It is a liquid of 2,28 specific gravity, which boils at 114“C. (237*F.). 
It fumes in the air and hydrolyzes into stannic hydroxide: 

SnCb -h 4H^ - Sn(OH>4 + 4HC1 

The smoke thus produced is only one-half as dens^e as sulfur trioxide 
smokes, but is less corrosive and far more penetrant to the gas-mask 
canisters used during the W’ar. For this last reason tin tetrachloride was 
employed principally in mixtures with phosgene and chlorpicrin to increase 
the visibility and penetrability of the gas clouds generated therewith. 
It is very expensive and the scarcity of tin caused other compounds to be 
substituted toward the end of the w’ar. 

Silicon Tetiachloride (SLCld 

The next metallic chloride ueed an a smoke agent wm silicon tetra- 
chloride- This compound is prepared by heating silicon or silicon car- 




f-OOR MAN'S JAMES BOND Vol . 2 



243 



CHEMICALS IN WAS 



bide with chlorine in an eleetric furnace. It a colorless liquid, of 
L52 spedfic gra^^ty, w^hich boils at (140''F.) and fumes strongly 

un contact with the moisture in the sir by which it is hydrolyzed: 

SiCh + 4H,0 - Si(OH), + 4HC1 

At a concentration of 0.20 mg, per liter, no further hydrolysis 
takes place, but an equilibrium seems to be established in w’hich the 
hydrochloric acid liberated pre\^ents further decomposition. In fact, 
when the hydrochloric acid "^epmes too great the above reaction may 
even be reversed and the amount of smoke actually diminished. If, 
liow'ever, the excess hydrochloric acid is neutralized by reaction with 
ammonia, hydrol 3 rsis of the silicon tetrachloride proct-eds smoothly 

SiCl^ + 4NHt + 4H,0 - Si(OH)i + 4NH.C1 

and a dense smoke is obtained. Thus, while the value of silicon tetra- 
chloride alone as a smoke producer is limited, its smoke-generating power 
w'itb ammonia vapors is five times as great a-s silicon tetrachloride alone 
and exceeds even that of phosphorus. Moreover, the smoke thus gt^ner- 
ated is much less irritant to the respiratory organs. 

So closely do<'s this emoke resemble natural fog that, when it was 
employed by the British in their naval attack on Zeebru^e, the German 
defending forces thought the smoke coming in from the sea w^as a natural 
fog, and the British thus succeeded in approaching the harbor unswui. 
The so-called entofte funnels that the British used in this attack consisted 
of iron cylinders 2 ft. in diameter, into w'hich gaseous ammonia and 

silicon tetrachloride were injected, the latter by means of carbon dioxide. 
The results obtained were so satisfactory that small portable smoke 
knapsacks, embodying the same method of operation, were also con- 
structed and frequently used with gpod results in the field. 

The only disadvantage of the silicon tetrachloride-ammonia nu^thofl 
of giuierating smoke is its complication, and for this reason other Kiinpler 
methods of smoke production vrere developed for field use. 

Ow-ing to its comparatively high \oIafility, silicon tetrachloride has 
also been used to lay smoke screens by spraying from airplane tanks. 
The droplets are volatilized after falling a very short dLstanee atid good 
results are obtained. However, ammonia is also necessary in these 
devices, which constitutes an undersirable complication in the apparatus. 
Kxcept for this drawback, the silicon tetrachloride-ammonia mixture is 
one of the most effective smoke producers so far devised. 

Because of the shortage of tin toward the end of the war, sili(-on 
tetrachloride was substituted for tin tetraeliloride in gas shells. 

Titaniuni Tetrachloride (TiCJld 
German: *^F-Stoff"; American: “FM'* 

The complications involved in producing dense smoke by use of 
ammonia with silicon tetrachloride caused the introduction of titanium 
tetrachloride by the Allies, near the end of the war, as a substitute for 
tin and silicon tetrachlorides. 

This cbmpound is obtained from rutile TiOi which is found in natural 
lieds in Norway and in Virginia. The rutile ore is first mixed with 30 per 
t^nt carbon and heated to &50X. in an electric furnace. A fuw^ maa'^ 
is formed, consisting of titanium carbonitride {TitC 4 N 4 ) and titanium 
carbide (TiC), which is converted to TiCU by heating with gaseous 
chlorine. The product k a colorless highly refractory liquid, of 1,7 spetif- 
ic gravity, w hich boils at 136^C, <277^.) and solidifies into w hite crystal‘s 
at -23“C. (—9^,). It reacts vigorously with the moisture in the air, 
forming titanic acid hydrate and hydroehloric a*id: 

TiCb + 4H^ - Ti(OH)4 + 4HCI 

with the evolution of dense clouds of acrid w^hite smoke. The titanic 
acid hydrate forms finely divided solid particles in tlxe smoke w'hile the 
hydrochloric acid is in the gaseous state. 

Like silicon tetrachloride, complete decomposition of the titanium 
tetrachloride, according to the above equation, is inhibited by an excess 
of hydrochloric add. Therefore, the best smoke k formed when the 
titanium tetrachloride is present in low concentrations and there is an 
excess of moisture in the air (five parte of water to one of the tetrachloride, 
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instead of the theoretical four parts). Owing to these peculiarities, when 
it IB usM'd in concentrations under 0,060 mg. per liter and when the 
humidity is high, titanium tetrachloride b superior in obscuring power 
to sulfur trioxide; but when the concentrations are high and the humidity 
luw, it is inferior. 

On account of ite hydrochloric acid content, titanium tetrachbridt^ 
snioke is acrid, but in ordinary field concentrations it is not sufficiently 
irritating to the respiratory system as to (sause coughing or other unpleas- 
mit iihysiologjcal effects. The i^moke can be neutralized and rendered 
(ompietely harmless by the simultaneous use of ammonia which fixes 
the hydrochloric acid and greatly increases the density of the smoke by 
The addition of ammonium chloride. While the addition of ammonia 
iihnost doubles the obscuring effect of the titanium tetrachloride, the 
total amount of material required is doubled, so that no advantage is 
gained from the standpoint of weight. Also the apparatus employing 
two liquids is much more complicated and, as titanium tetrachloride alone 
is an excellent smoke producer when used in the proper proportion to the 
moisture content of the air, the use of ammonia is not necessary. 

Because of its high boiling point and not too great volatility, titanium 
tetrachloride Is peculiarly adapted for use in laying smoke screens from 
airplanes since each individual droplet can move through a great distance 
before it is completely volatilized and hydrolyzed. For this reason^ it 
was adopted as the standard American liquid-smoke agent for several 
years following the war. Because of its relatively high cost (about twenty 
times as much aa sulfur trioxide for equal smoke effect), the fact that in 
liydrolyzing it depoeite a gummy solid residue that clogs up the emission 
orifices of the sprayer, and its corrosive action (in liquid form) on metals, 
titanium tetrachloride has been displaced by the much cheaper and more 
iK'nerally satisfactory smoke agent FS, 

It require.^ 0,15 oz. of titauium tetrachloride to produce 1,000 cu, ft. of 
fiffttutard smokej as against 0.06 oz. of pho.sphorus, so that, on a basis of 
i'f|Ufd weights, the former is about 40 per cent as efficient a smoke pro- 
timer Bii the latter. 

Titanium tetrachloride, although more expensive and not otherwise 
superior to FS> is nevertheJess used as a filler in artillery and mortar- 
i^nioke slielE. 

Group V 

Berger Mixture (Zn + CCl* + ZnO + Kieeelguhr) 

The next group of suhstaiiccfl employed during the World War as 
smote agc»nte w ere compounds and mixtures containing zinc that gener- 
ated tlic so-called xiuc smokes. The first suKstance of this type to 

, 

introduced was a mixture containing carbon tetrachloride and zinc dust, 
called '^Berger Mixture*^ after the French chemist, Berger, who invented 
it. The original Berger Mixture as used by the French government 
during the war bad the following composition: 

Pter Centf 
by Weifhi 

Zinc (duitt) 25 

Carbon tetnirhioride 5^1 

Zinc oxido. Sffl 

Kie^ielguhr .5 

The theory of this mixture is as folloivs: Finely divided metallic zinc 
reacts vigorously with organic chlorine compounds (e.g. carbon tetrachlor- 
ide or hexachtorethane), forming zinc cidoride: 

2Zn + CCL * 22nCb -I- C 

This reaction liberatee a large quantity of heat, which instantly evaporates 
the sine chloride and generates a dense cloud of smoke. As the reaction 
quickly raises the temperature to 1,200®C., it has to be moderated by the 
Edition of a volatile substance, such as an excess of carbon tetrachloride, 
that absorbs heat during evaporation. In order to pre\-ent the heavy 
zinc dust from settling to the bottom of the liquid carbon tetrachloride, 
an absorbent, kieselguhr, is added, forming a smooth paste which cannot 
again be separated into its constituents. The zinc oxide used in the 
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original mixture was practically iiselcsp its absorbent power is small. 

in order to ignite and start the Berger Mixture to burning, an igniting 
compORtion consisting of iron dust and potassium permanganate wa-? 
cmployt’d. This ignitioJi comt>osition was started with an ordinary 
match head. Alwut 3 lb. of Berger Mixture were pressed into a tin 
container about the size of a large tomato can and covered with a layer 
of igniting mixture; in this way were obtained the .smoke candles used in 
the W’orld War. 

Smoke candles made with Beider Mixture had many advantages over 
The liquid smoke producers. They were chemieally inert and entirely 
harmle!:iH until ignited and could not be fired e^ en if bit by projectiles. 
They c'ould be f^tored for long periods witlmut deterioration, occupied n 
rc’latively small storage- space, and could be easily transported, handled, 
and operated. Tlie smoke generated was quite harmle>is and produced no 
iriitant efTects until the concentration exceeded OJOO mg. per liter, 
which was far in excess of ordinary field concentrations. The principal 
disadvantages of the Berger Mixture smoke candles were: (1) high reac- 
tion temperature and the dispersion of sparks that caused fires; (2) the 
mixture was somewhat erratic in burning and did not utilize all its ingre- 
dients to their full values; (3) the smoke gem-rnted was light gray with 

U'6 ^ . 

considerable carbon in the residue. Berger Mixture was also not suitable 
for use in smoke grenades, artilleTy shell, or airplane bomba, as it is too 
slow in igniting and burning. 

In order to improve the performance of the original Berger Mixture, 
a greet deal of experimenting was done and a large number of formulas 
for this mixture are found in chemical- warfare literature. Regardless, 
however, of the variations in the mixture, the general principles of opera- 
tion are the same; one part by weight of zinc durt to two parts by la eight 
of carbon tetrachloride furnish the main reaction, to which is added enough 
uljsorbent material, such as kieseiguhr, to form a doughlike paste which 
cannot be reduced to its original ingredients. 

Mixturt” (Zn -|- CCI 4 + NaClO. -h NH 4 C 1 -h MgCUs) 

The American improvement on the original Berger Mixture wan 
worked out in 1917 by the XJ.S. Bureau of Mines, and was therefore known 
as ^*B.M. Mixture/' It had the following composition: 

Per Ceiitt 
by Wciffhi 

Zidc (dust) 

Carbon 41 -ft 

Sodium chlorate 

Ammonium chloride 

MagiiMium carbonate 

The changes in the original Berger Mixture, sliown in the for<^going 
formula, were made for the following reasons: The original Berger Mix- 
ture produced a gvay smoke and lacked vigor in reaction. The first step, 
then, was to add a substance to oxidize the carbon, thereby changing 
the color of the smoke from gray to white and at the same time accelerat- 
ing the reaction. For economic reasons, sodium chlorate was chosen for 
this purpose. The addition of sodium chlorate greatly increased the 
quantity and quality of the smoke produced, but made the rate of burning 
t oo rapid, the heat of reaction too great, and the snwke too hot. 1 bi^ next 
^tep was therefore the substitution of ammonium chloride for the zinc 
oxideof the original Berger Mixture, By absorbing a great deal of heat in 
itn volatilization, this cooled the smoke and considerably retard^Ml its rati^ 
of burning. It also added materially to the density of the smoke, aw the 
obscuring power of the chloride itself is high^ The last step was the 
substitution of magnesium carbonate for the kieselguhr in the original 
mixture. Kieselguhr ivas not satisfactory as an absorbing agent. It 
lacked constancy of composition, contained variable amounts of moisture 
and Organic matter, and swelled, caked, and arched badly upon burning, 
thereby causing irregularities in the rate of combustion of the mixture. 
Magnesium carbonate proved a better absorbent, gave a smontiicr burn- 
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ing mixture, and added to the density of the smoke by virtue of the 
magnesium mechanically expelledf. 

By reason of these changes, the T.OJP. of the smoke was increased 
from 1,250 to 1,400 and the smoke had far better hanging properties, was 



not as easily disturbed by air currents, and did not dissipate as rapidly* 
In order to give a quick puff of smoke at the beginning of the reaction, 
when the standard B*M. Mixture was just starting to bum, a “fast'" 
mixture was employed, having the following composition: 

Per Cent, 
hy Weight 

Zinc (dueiit) 30 .3 

Carbon tetrachloride 33 . 1 

Stxfium chbrate 34.9 

Ziuo oxide 0.8 

Tliis burns much more rapidly than the standard mixture, as ammo- 
nium chloride and magnesium carbonate are absent and the zinc oxide 
acts as the absorbent* 

B.M* Mixture was employed in smoke candles, grenades, and floating 
boxes for naval use* These devices, in addition to tlie standard and fast 
B.M. smote mixture, also contained two starting mixtures, as follows: 
Starting Mixture 1 served to start the reaction and was of the following 



composition: 

Per Cent, 
by Wdglit 

Powdered sulfur 20 .7 

Zinc (dust) fi3.1 

Zinc oxide 10.3 



Starting Mixture 2 received the flash from the igniting match head, 
.served to bum through the igniting cup, and ignited the Starting Mix- 
ture 1. It consisted of: 

PfiT Ont. 
by Weigh T 



Powdered iron (reduced) 46 .ft 

Potflsatum permanganate.. '33.4 



As compared to the British smoke mixture, the B.M. smoke mixtun^ 
liad certain definite advantages. It burned more uniformly and fuM-ly, 
left a much smaller residue, and the smoke had better hanging properties 
and greater persistency* Moreover the T.O.P. of the B.M. smoke was 
1,400 as compared to 460 for the British Type S smoke mixture. Its 
disadvantages were: (1) absorbents that constituted about 25 per cent 
of inert material; and (2) the necessity for an absolutely airtight con- 
tainer to prevent the evaporation of carbon tetrachloride. Nevertheless, 
the B.M, Mixture was the most efficient smoke producer of this typ<" 
developed during the war. 

HC Hixtore (Zn + C,Q. + ZnO) 

Since the war efforts have continued in America to produce a better 
zittcHsmoke producer by improving the B.M* Alixture* 

Solid hexachlorethane (CtClt) ivaa substituted for and found to be 
much superior to carbon tetrachloride* It proved to be an equally good 
source of chlorine and, being itself a solid, eliminated the necessity for 
an inert filler such as magnesium carbonate. 

As an absorbent in place of sodium chlorate and ammonia chloride, 
zinc oxide was substituted* 

The new mixture, used in smoke candles HC, MI, contained the fol- 
lowing cqnstitutents: 



Per Cent, 
Weight 

Zinc (duet) 38 

HexachLorethane * * 30 

Zinc oxide * * . . * * **.*.. * 33 



This mixture was ignited by a starting mixture composed of : 

Per Cent, 
by Weight 

Antimony * ... * * 7fl .4 

Zlac (duBt). n ^3 

PotaHium poiohlorAte. * * * 11.3 

The original HC smoke mixture, as a result of continued development 
and improvement, has evolved to the foUo™ig composition used in 
smoke candles HC, Mil: 
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Zinc (dust). * * * * 


36 


36 


Hcxa^rhlonthanc . * . * * . * 


43 


! 44 


Ammonium perchlorate, . * * . 


15 


! 10 

t 


Amuioniuin chloride * 


6 


i 



The filliiig of this smoke candle consists of about nine-tetiUis s\ow- 
buming mixture and one-tenth fa^t-buming mixture. The faj?f-bumin|t 
mixture is placed as a layer over the slow-burning mixture and is ignited 
by a starting mixture consisting of : 

par Cent, 
by Weight 

Putoflaiutu nitrate * * * * 

Antimon^^ trisulfids * 36 

FemauiHulfide 2® 

Dextrin ® 
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The chemical reaction in the HC Mixture b aa follows : 

3Zn -b CaCle “ SZnCli -b 2C 

The ignition and burning processes are similar to those of the B*M. Mix- 
ture, but the reaction is less violent and no delaying agents are necessary. 
The mixture is also more stable and more efficient per mut weight than 
the B.M, Mixture* 

This HC Mixture, Mil, is now the standard anioke producer for 
smoke candles and pots in the United States Army* It requires only 
0.12 oz. to produce IjOOO cu. ft. of ilafidard smokt and represents the most 
advanced development of the lincnsmoke typ>e of smoke agents. 



COMPARISON OF SMOKS AGBHTS 
Un the basis of total obscuring power (T.O.P*), the smoke ag^ts 
discussed above, as well as other substances that have been u^ since 
the War for producing smoke, are arranged below in the descending order 
of their T*O.P/s. 



White phosphums * . * * * * * ► - ■ 

Titanium tetrachloride and anunonia, * * * 

Sulfur trioxide* * 

Sulfur trioxide and chloraulfonic add (FS) * . * * + . . 

Hydrochloric acid and ammonia 

HC Mixture* * - * - ' ' 

Silicon tetrachloride and amiaoiiia * 

Titanium tetrachloride (FM) * - 

Oleum*, * * - * * 

Tin tetrachloride (KJ) . . * . ^ , . * * * 

PhoflphoruB trichloride and 

Ghbrsulfonic acid and ammonia * ^ 

Silicon tetrachloride * * - ‘ ■ 

Sulfur chloTidt and ammonia * * 

ChloTsulfonic acid* . * * 

Mixture * .... 

JJerger hlixtiire * 

Titanium tet rachloride and ethylene dicbloride 

Sulfiir^d chloride * - 

Chlorine and ammonia 

Arsenic trichloride . . * . . 

Type S mistarfi * ■ 

C.'rude oil * 

* lu increinep TrO,I*,'i tjolfl *0 le W pw «*Bt, 



4, BOO 
ft, 030 

3.000 
2,550 

2.500 
2,100 
1,060 

1.000 
1,300 
1,860 
1,800 
1,600 

1.500 
1,425 
1,400 
1,400 
1,250 
1,235 
1,200 

750 

460 

460 

200 



In comparing the T.O*P.’s for different Binoikes, the rite of bunuzig 
mupt be considered, since a slow-buinmg smoke may not T^h its maxi* 
mun^ density before its particles begin to settle out* Humidity and tem- 
perature also have an important influence on the T*0*P.'s many 
chemical smokes. The values given above are for average conditions of 
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temperature and humidity and may vary greatly with variations of either 
or l^h. 



vimnm of suokx aoints 

During the World War obscuring smoke proved its tactical value on 
land and sea and won for itself an assured place as a military weapon* 
Since the war the development of air forces has still further enhanced tlie 
value of obscuring smoke, for not only arc MrpJanes a means par excellence 
for putting down smoke screens on the field of battle, but their power of 
observation has greatly increased the need for obscuration* So greatly 
has aircraft incre^aed the facility of observing enemy dispoeitioiis and 



maneuvers and of attacking troops in inarch and other concentrated 
formations, that it has become increasingly necesj^ary to find some means 
of concealing and protecting ground troops from air observation and 
attack* Obscuring smoke is a most effective means for this purpose. 

All nations arc impressed with the importance of obscuring anioke and 
are busily engaged in developing the superior smoke agents and in de\dt^ 
ing technical means of employing them. The rapid strides made in thi^i 
direction during and rince the World War plainly indicate the pOKsibilities 
of this field. 

Detailed data ooneerning the most important smoke agents are pre- 
sented in Table IV* The technical apparatus for producing smoke and 
the tactical principles involved in its use are treated in Chap^. XI\# 

34S 

CHAPTER XII 



mCENDIARY AGENTS 



CLASSmCATlOK 



incendiaries, the third member of the chemical arm, are sub^ancet; 
used to set fire to enemy material in the Theater of War. Unlike gus 
and smoke, which are directed againat. personnel and are u^ chiefly on 
the field of battle, incendiaries are directed primarily against material, 
and their employment is not limited to the battle front, but extends to 
targets anyu^here in the Theater of War that can be reached by bomlnng 
airplanes* Incendiaries may also be used to a limited extent against 
personnel, as in the World War, when air-burst trench-mortar sheU, 
filled with phosphorus and thermite, were fired against enemy maclune 
gunners sheltered from rifle and machine-gun fire* 

Tactically, we distinguish two types of incendiaries: (1) the intensiye 
type, where the heat and flames are concentrated in a limited space, in 
order to set fire to heavy construction and targets generally difficult to 
ignite; (2) the scatter type, where the incendiary materiais are scatty 
in a number of small burning masses over a relatively large area, m order 
to initiate fires at a number of points simultaneously in lar^ talgots of 
inflammable or easily ignited materials. Another convenient tactical 
classification of incendiaries is by the using arm, thus: 



Uiing Ann 
Tnfimtiy 

Chomicil ttoopi ...*.*... 

Artill^iy 

Air foTCtt 



Mumtioii 

I fimalV^irniB ineendiaiy bulkts 
/IseendiATy gmiMtn and oiher band devicoB 
■ Chemicnl-fliortu' incendiary proi<wtU« 

' liven* proi«tor inoendUry drumi 
Flame pinjectoie 
lacendiaiT riielt 
IiH'eiidiary sirrraff' bomba 



Technically, wc distinguish four Hasses of incendiaries, as follows: 



1. SponUaeouiJy inflanmiahU; msWrinli. 

«* Setidt, such a* phwphoru* nnd sodium. 

t. such a* pbosphorui diwived in oari»n biBulfide uid wnfi ethyl. 

2* Metillk ovidoa, lucih ■« theitnite. 

ft. Qxidiiins oombustible mixUiwi, wich barium pcmxide and 

powder, or barium nitrate, mngrwKum, and lin^ i r*j 'i » 

4. Flammable matariola, u«d «a luch, s.a*, ftW pit^hi oelhiloid, wild mU 
^nA flunmable liquid* and oil. 

HISTORICAL 



Unlike gas and smoke, the aystemstie use of incendiari^ in warfare 
is not modem, but extends back into ancient times* The^ early use of 
incendtariea in combat is easily understood when it is rsmembered that, 
fitmi the earliest times, fire has been the most ruthless enemy of mankind, 
luwi its application to war is but further evidence of the univereal dread 
of the Great Destroyer which has come down through the ages* 

The idea of using inoendiaries in battle dates back to early Biblical 
tinies when armire attacking «>d defending fortified cities threw upon 
<>aHi other burning oils and flaming fire balls consisting of resin and strgiW. 
The first flame projector was used at Delium in 424 b.c. It consisted of 
a hollow' tree trunk to the lower end of which was attached a basin filled 
tt-ith glowing coals, sulfur, and pitch* A bellows blew the fl^e from the 
tree trunk in the form of a jet, setting fire to the enemy fortifications and 
aiding the besiegera in the capture of the city* 

The next recorded use of incendiaries wps hy the Trojan king, .ffikieas. 
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about 360 B.c. He made of fire compof^itions consisting of pitch, 
sulfur, tow, resinous wood, and other highly inflammable substances 
which were easily ignited and hard to extinguish. The incendiary com- 
Pfisition was poured burning into pots, which were fired from the walls 
of l>ejdeged cities upon the attacking troops below. 

Somewhat later the Homans hurled from catapults crude iron latice- 
work bombs, about 2 ft. in diameter, filled T^ith highly inflammable mate- 
rials. These were ignited and thrown as flaming projectiles upon the 
enemy fortifications. Later, incendiary arrows came into use as a means 
of setting fire to the wooden forts sheltering the enemy. These incendiary 
arrowK were subsequently enlarged and shot from catapults. Behind 
the arrowhead they carried a perforated tube containing a mixture of 
tow, r<^in,??ulfur, and petroleum, which was ignited just before being shot. 

Th(^ greatest impetus to the use of incendiaries in war came with the 
niTrodm-tion of '^Greek Fire,” which was said to have been invented by 
t)ic Syrian, Callinieus, about the year 660 a.d., although there is evidence 
of the use of similar materials ss early an the time of Constantine the 
Great, in the fourth century a.d. The exact formula for “Greek Fire” 
hm* never been definitely established. The process for making it was 
kept a secret for several centurie.s and no detailed information as to its 
composition seems to have sur\-ived. It is certainly known to have con^ 
tallied readily inflammable substances such as pitch, resin, and petro- 
leum, as well as quicklime and sulfur. The quicklime, on contact with 
water, generated sufficient heat to ignite the petroleum, the burning of 
which ignited the other combustible materials. The light vapors from 
ihc petroleum caused explosions which still further spread the flames. 
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It was difficult to extinguish "Greek Fire” because water increased 
the reaction of the quicklime and Spread the petroleum. The troops 
of the Byaantine Empire made such effective use of "Greek Fire” against 
the Saracens that it is frequently said to have saved the empire from 
Mohammedan domination for nearly a thousand years. At any event, 
"Greek Hre” was extensively employed in the wars of the Middle Ages, 
and its use surv^ived until the introduction of gunpowder in the fifteenth 
century. 

From the beginning of modem times down to the World War, incendi- 
aries were not extensively employed, as the introduction of firearms 
caused armies to engage in battle at such distances that they could not 
be effectively reached by incendiaries. Moreover, the defensive of 
armor and later of earthworks left little of combustible material on the 
field of battle. So formidable were the technical diflicultieB created by 
these new conditions that the successful use of incendiaries In war remained 
an unsolved problem until the advent of the World War, when the 
vast resources of modem science were utilised to effect a solution. So, 
while fire has been considered of military value from antiquity, means for 
scientifically using it in warfare were not developed until the World 
War. 

The effectiveness of incendiaries in war is dependent upon the char- 
acter of the materials employed and upon the devices used for carrying 
them to the target and setting them in action there. Because of the 
generally adverse conditions of modem warfare, the development of 
successful incendiary armament involves chemical and mechanicsl prob- 
lems of great complexity, as will be appreciated from the consideration 
of the many rigid technical and tactical requirements which must be met. 
At the same time, the introduction of the military airpl^e has greatly 
increased the field of application of incendiaries, as it is now possible by 
such means to reach large and vulnerable incendiary targets at practic- 
ally any point in the Theater of War, This vts exemplified in the 
German air raids on Faria and London in 1915, in which incendiaiy bombs 
were frequently employed. 

Although the FVench and Germans both had developed incendlaiy 
artillpiy shell before the World War, one French model dating back 
to 1S78, such shell were not used to any extent in the early days of the 
war , probably because they were largely ineffective. The earliest incendi- 
ary munitions iiscd in the war appear to be incendiary bullets and anti- 
aircraft artiU^ shell directed against observation balloons. 

The first incendiary attacks against ground troops were by means Of 
flame projectors. These devices were invented by the Germans before 
the war f20, page 7) but do not appear to have been used until 1915, 
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General Foulkes says that the Gennans used their 

Flammenwerfer (flame projectors) on the French front on June 25, 1915, 
but it is probable that their first use was several months earlier, for it is 
known that the Gennans had an organized detachment of Flammenwetfer 
troops as early as January, 1915, and the French made a formal protest, 
against the use of these devices under date of Apr. 29, 1915, 

The initial use of incendiaries from aircraft occurred during the first 
German Zeppelin raid over London on May 3L 1915, during w'hich one 
uirship dropped 90 incendiary bombs. 

By the end of 1915, improved types of incendiary artillery shell were 
in use by both sides. These were soon followed by the introduction 
of incendiary grenades, trench-mortar shell, and projector bomlw. 
Throughout the war, all the principal belligeront.s engagi^ in the energetir' 
development of incendiary Armament and much progress was made in 
improving all types of incendiary munitions, particularly aviation drop 
bombs. 

SUBSTAirCBS USED AS INCENDIARY AOENTS 
Group L SpoKtANBOusLT Inflammable Mateklals 
Solids 

Phosphorus (P) 

American and British: "W,P,” 

While white phosphorus is primarily a smoke producer, its property 
of igniting spontaneously and burning 'I'igoroudj" when exposed to the 
air made it one of the first materials proposed for incmdiaiy munitions. 
Experience showed that against readily combustible materials and 
substances which can be ignited by a brief expo:^ure to a small flame, 
phosphorus is undoubtedly effective, and it was therefore the principal 
incendiary agent used against balloons and aircraft and for setting fire 
^\oods, grain fields, etc, Howe’i^er, against wooden structures and mat(^ 
rials relatively difficult to ignite, phosphoru.s proved of little value, 
principally because of its low temperature of combustion and the excel- 
lent fireproof protection of the phosphoric oxides formed by burning 
]>hosphorus. 

In addition to its incendiary effect on material, phosphoi'us praved 
very effective in use against personnel. When scattered from overhead 
bursts of grenades and trench-mortar bombs, the phosphorus raim^d 
doum in flaming particles, which stuck to clothing and could not be 
brushed off or quenched. The larger particles quickly burnt'd through 
clothing and produced painful burns that were slow and diffieult to heal. 
Tht'se properties Kion became known to troojis and phosphon is was justly 
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dreaded and always caused a demoralizing effect far beyond the actual 
casualties produced. 

During the war, phosphorus was extensively used in small-anns 
incendiary bullets and in hand and rifle grenades by all the principal 
belligerents ; in artillery incendiary shell by the French and Germans ; and 
in trench-mortar bombs by the British and Americana, In all munitioiiB, 
except smatl-arms bullets, the phosphorus produced both obscuring smoke 
a^ incendiaty effects and they were, therefore, variously classified as 
either smoke or incendiary projeetilea. The physical and chemical prop- 
erties of phosphorus are given in Chap. XI, page 234, 

Sodium (Na) 

Sodium is a light soft ductile metal of 0,97 specific gravity, which 
melts at 97,6’^, (208^F,) and boils at 750*"C. (1382*^,), It is obtained 
by the electrolysis of molten sodium chloride (common salt). On con- 
tact vith water, sodium decomposes it with vigorous evolution of hydro- 
gen. The heat of reaction is sufficient to ignite the hydrogen and, hence, 
in the presence of moisture, sodium is spontaneously infiammable. 

Sodium was used as a filling for the German 17.^m. incendiary shell. 
In that shell, which was the largest incendiary shell used during the war, 
the sodium was ignited by thermite. Sodium was also used in some of the 
spontaneoualy inflaniinable liquids of the World Warto ignite the mixture 
on contact with^ water. Except for this latter Use, sodium was not an 
effective incendiaiy material, as it required oonsiderabie moisture to 




POOR MAN'S JAMES BOND Vol , 2 



247 



CHEMICALS IN WAR 



ignite itj which generally prevented the ignition of other materials. 

Liquids 

As liquids generally give better and more uniform dispersion on 
explosion of the container, and also have a tendency to adhere and pene- 
trate into combustible materials^ with greater chance of igniting them, 
tliey are preferred to solids as incendiary agents. Also, since spontane* 
ously inflammable subatanees require no igniting device and initiate 
firths in several places simultaneously, a spontaneously infiam^nable liquid 
was soQglit which would: ( 1 ) ignite after sJiort exposure to the atmo«- 
pbere- (2) have a positive and effective incendiary actifin; and (3) be safe 
to transport and handle* 

As phosphorus was spoutaneovisly inflammable and w as also readily 
soluble in carbon di&ulfide, this mixture was among the first spontane^ 
ously inflammable liquids tried out. It failed, how-ever, to meet require- 
ments in a number of particulars. First, it was no more effective as ait 
incendiary agent than the phosphorus it contained, and therefore, had tlic 
disadvantages mentioned for phosphorus. It was also dangerous to 
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transport and handle and was so volatile that it frequently burned out 
before heating the contacting material to the ignition point. 

To correct the deficiencies of the phosphorus-carbon disulfide solution, 
mixtures were made by adding various combustible oils in such propor- 
tions that a homogenous mass ivas secured and no separation of any 
of the conKtituents occurred* It w'aa then found that these mixtures 
lacked intensity of combustion, so various nitrated organic compounds 
were addf^d to accelerate the reaction. Of these compounds, trinitro- 
toluene (TNT) was found to be the most satisfactory* As a final result 
of this research, a mixture containing phosphorus, carbon di-sulfide, crude 
tx>nzene, fuel oil, gas-tar oil, and trinitrotoluene was developed* This 
wiL'^ found to be satisfactory from the standpoints of simplicity of prep- 
!i ration, safety, and effectiveness; also, by varying the proportions of the 
ingredients, the ignition could be regulated to occur either almost 
instantly upon exposure to the air, or after a considerable delay* 

The speed and spread of combustion of the mixture are secured by 
its readily volatile constituents, and the duration and intensity of the 
flame, by its heavier combustibles. With proper precautions, the prep- 
aration and handling of the mixture can be done without danger of 
accidental ignition. Also, it is not subject to detonation by shock, and 
itw low coefficient of expansion (0.0174 per degree centigrade) and low 
\apor pressure (5S cm. at 50*C.) will not cause undue pressure in the 
container. The mixture may be used alone or with an absorbent, (c.fl., 
c'otton waste) in any sort of device designed to carry liquid material, 
such aa S-in, Livens projectiles. 

In the course of the research on spontaneously inflammable liquids, 
many substances, such as zinc ethyl, phosphine, silicine, chromyl chloride, 
fuming nitric aeid, permanganates, and phosplionis, w^ere fully inves- 
tigated. In the end, it was found that phosphorus-carbon di.'iulfide 
solution was the best material to initiate the fire, and the fuel and tar oils 

re the best materials to propagate and sustain the flames* While the 
lirohlem of sixmtaneously inflammable liquids was considered reasonably 
during the World War, the solution w as not effected in time for 
use on the field of battle, at least insofar as American munitions w^en^ 
concerned. There is, how’ever, no reason to believe that the solution 
indicated above w'ould not be satisfactory in war* 

A Katisfaetory spontaneously inflammable liquid has a great field of 
application from aircraft, for not only should drop bombs filled with sueii 
a liquid prove very effective on targets, and even on cities of light wooden 
construction, but by regulating the ignition to occur after the lapse of 
sufficient time for the liquid to reach the target, such a liquid could also 
be sprayed at night from low-flying attack planes over relatively large 
arr'as with tremendous effectiveness. 
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Group II* Metallic Oxidbb 
Thermite 

For several years prior to the late war, a mixture of iron oxide and 
finely divided aluminum, known under the proprietary name of Ther- 
mite,*^ was used in industry for welding iron and steel* When ignited, 



this mixture reacts as follows: 

8A1 + 3^’e^O^ - 4AlrOi + 9Fe 

and produces an enorinous heat (758,000 calories per gram molecule). 
This heat is sufficient to raise the temperature of the reaction to about 
3,000“C*, and the resuiting molten slag prolongs the heating effect after 
the reaction ceases* Howwer, w'hen thermite is used alone, it has the 
disadvantage that ita incendiary action is confined to a small area, and a 
\ ciy large percentage of its heat energy is wasted because of the fact that 
it is set free so rapidly. Against readily ignitable material which allows 
the conflagration to spread easily, thermite is very effective, but ^ euch 
material is not often present in a target, the method of placing it with 
the thermite in the incendiary device was early adopted* 

For igniting and starting the conflagration, thermite proved to be by 
far the most effective material used in the war ; for a secondary incendiary 
material to continue the conflagration, thermite w^ae found to be inferior 
to an inflammable liquid, either used as such or incorporated in a suitable 
absorbent carrier, and to specially prepared combustible materials, such 
as solid «7, which burned with a large flame and effectively set fire to a 
difficultly ignitable target. By using thermite as a primary igniting 
incendiary agent, the lafge amount of heat suddenly released is utilized 
and the secondary material begins its action w'ith a tremendous burst of 
flame which is most effective* The proper secondary incendiary material 
is capable of not only burning with a large hot- flame, but actually renders 
the target inflammable* 

The thermite used in industry is generally composed of three parts 
by weight of aluminum pow der to ten parts of magnetic iron oxide, but 
for military purposes a mixture consisting of 24 per cent aluminum and 
76 per cent by weight of magnetic iron oxide was found to be most suitable. 
Ordinary granulation produced the best results, but specaal limits had to 
U' placed on purity of materials, presence of moisture, and foreign 
Htibsiances* 

As commercial thermite is simply a loose mixture of aluminum dust 
and coarse particles of iron oxide — materials of quite different densities— 
it could not be used in military devices that must withstand severe jar- 
ring, without some means of preventing (segregation. To prevent segre- 
gation, the mixture may be either consolidated by pressure or bound 
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together in a hard tnaea by such binding substances as sodium silicate, 
sulfur, and celluloid* 

Segregation may be successfully prevented by compressing ordinary 
thermite under a pressure of 12,000 lb* per square inch, w*hicb doubles 
its density and holds the compressed mass together even when subject to 
severe jarring. However, this increase in density causes the ignition to 
become more difficult, makes the propagation of the reaction uncertain 
and increases the time of burning. Moreover, since the compressed 
thermite does not materially increase the incendiaxy effect over the same 
volume of thermite bound together with sodium silicate, the cost of 
obtaining the same results with compressed thermite is greater. For 
thcHC reasons we did not adopt it for general military u^ and the British 
employed it only in their special flame mixture which contains barium 
nitrate. 

On tlie other hand, the use of sodium silicate as a binder wras found 
Ut give several advantages* Besides preventing segregation, it caused 
the thermite blocks to react completely regardless of the point of ignition, 
and the material so bound is insensitive to shock and shot and may, there- 
fore, be utilized in high velocity projectiles and bombs* The optimum 
amount of sodium silicate (of 40“B4.) w^as found to be 16 per cent by 
wf'ight of thermite. The liquid silicate is simply mixed with the thermite 
which is then molded and baked until thoroughly dry* Because of its 
advantages, sodium (or potassium) silicate was generally used as a ther- 
mite binder by most of the nations in the World War* 

In binding thermite with sodium silicate, it is very essential that all 
the water be driven out, and, because of the difficulty of completely 
drying the silicate-bound thermite, a number of other binders w^ere tried. 
Sulfur w'as highly recommended as a binder, since a unit of weight of 
mixture made up according to the equation 

8Al + 3Fe,Oj + 9S - 4AljO, + 9FeS 
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T]t<>oretkal[y gen<?rate 5 the same amount of beat a? an equal weight of 
Utermite contflining no sulfur so that the binder does not i^uee the heat 
("flieiency of the mixture. However, in actual tests of incendiary value 
the fiul/ur-bound thermite did not show up Well, ow'ing to the fact that 
it burned with explosive violence and spattered as small drops over a 
HJiisiderable area, thus lessening its incendiary effect. Also, the molten 
products from the siUcate-bound thermite were more effective in penetrate 
ing metal and prolonging incendiary action upon inflammable materials. 
Notwithstanding these drawbacks, the French used sulfur-bound ther- 
mite, wliich they called ** Daiaite," in an incendiary drop bomb in which 
ttje explosive property of the thermite was utilised to scatter the other 
incendiaiy materials in the bomb. 



Celluloid, dissolved in a suitable solvent, proved to be fairly Buccessful 
as a biiidcr, .particularly where it was desired to get a long flame and 
uniform burn of the thermite. It ’was also used as an envelope for the 
incendiary units of scatter-type drop bombs, chiefly by the Germans. 
Various organic materials, such as resin, paraffin, ^d hard pitch, were 
also investigated as binders, but did not give satisfactory results. 

For the ignition of thermite used in devices where it is not desired to 
scatter the contents, the commercial ignitor, consisting of finely divided 
aluminum and barium peroxide mixed with a certain amount of coaiw 
aluminum and black iron oxide, was found to be most satisfactory. This 
igniter has no explosive reaction and can be ignited by a black powder 
flash, although better results are obtained by the use of a “booster" 
charge composed of reduced iron and potassium nitrate pressed on top 
of it. 

For the ignition of thermite in devices where it is desired to scatter the 
contehts, an entirely different type of igniter is required. For this pur- 
pose, an igniter should react with such rapidity and explosive violence as 
to simultaneously ignite and scatter the reaction products and, at the 
same time, should be as safe as the slow igniter. The best World War 
solution of the quick igniter was the British “Ophorite" which conflicted 
of an intimate mixture of 9 parts of magnesium powder to 13 parts of 
jioCassium perchlorate, Opborite was much easier to ignite than the 
commercial igniter and was extensively used by the British and ourselves 
as an igniting and bursting charge for incendiary projectiles and also as 
an explosive in certain types of gas shell. Ophorite was, however, not 
altogether safe to manufacture and the British had several very serious 
explosions and fires in their manufacturing and loading plants during the 
war: 



Modified Thenltite 



Group III, OximziKo Combustible Mixtures 



Incendiary mixtures whicii contain an inorganic iiritfizhtg agt^Uf such 
as potassium or barium nitrate, barium or lead oxide, or 
elilorate, together with such cofftbusiibie as carbon, sulfur, 

magnesium, aluminum, or organic combust iblej^, are designated by the 
generic name of oxidizing condtustible mixtures. Sucli mixtures have 
been used successfully in two widely differeiit types of incendiary muni- 
tions, viz.^ ( 1 ) small-arms incendiary bullets, and ( 2 ) drop bombs and 
other special devioea. 

For devices as different as bullets and drop bombs, it is evidetjt that 
very different types of mixtures are required for most effectii^e results. 
Thus, a mixture for use in bullets must meet very rigid requirements as 
to weight per unit 'I'olume, time of reaction, change of weight during 
reaction, and character of incendiary effect. 

For bullets, the ballistic requirements are e'\'eu more imiwrtant than 
tlie incendiary requirements^ since the bullet must be capable of ai-curatc 
flight in order to reach the de.drt^d target and ha^■c any effect at all. On 
the other hand, the type of mixture desired for drop bombs jinist w^act 
to give considerable heat and flame when the bomb bursts. 

In b<dh ty|>es of munitions, it is, of course, important that the mix- 
tures do not Diegrcgate, and this is aecomplisin’d eitliei^ l>y 
or by binding the mass with some su Instance, sucli as jiulfnr, sheila<', resin, 
pitch, paraffiii, gum, etc,, and then heating or compressing. 

The folloiring tyjncal mixturf^s have been us<*d with sucn’cMt in small- 



arms incendiary nmnuiiiitiou: 

PurtSj by Weight 

bariuta peroxide * . . . j 17 

Magnesiuin {powder) 2 



1 'he magnesium powder mixed w ith alcohol is pressed into the bullets 
under a pressure of 2,500 lb., and is ipnite-d by the propellant. 



Radla*d 



25S 



or 



9 

1 



Red laad. 15 

Ahimmum, 1 

Compressed into the ehell under a pressure of 15 tons per sq. in. and ignited 
by a primer consisting of 



Pdtanium aitiate ... i ^ ........ . 

sulfur 

Aniimoay fjxwder) 

Shellu (powder).. 



B5 
13 .C 
19 
7.5 



Siiif^ the general military requirements of a thermite inixture arc 
that it should function projx'riy under all conditions of use and that the 
reaction should produce the desired effects, and since it matters little 
what the reaetion products are, it is bbvious that the composition of the 
mixture may be varied greatly. A number of mixtures, in which copper, 
nickel, manganese, and lead oxideis were UiWHi in place of iron oxide, were 
tested but were found to be no better for military purposes than the ordi- 
narj' thermite mixture, although the Germans used, in certain early incen- 
diaty" bombs, a mixture containing manganese dioxide and magnesium. 

Later in the war, alumino-thermite mixtures, in which oxidiring 
agents other than the oxides were incorporated, were investigated, and 
a special flaming thermite was developed by the British and used in their 
“baby incendiary" bombs. This mixture consisted of: 

257 

aluminum, powdered,3parte;barium nitrate, aparte;hammerecale(Fei 04 ) 
fi parts; and was compressed to half its original volume in the bombfi. 

Thermite mixtures containing oxidizing agents other than tlioee neces- 
sary for the thermite reaction were also investigated but none were found 
to possess special merit for militaiy purposes, and it was concluded after 
many tests that a simple mixture of magnetic iron oxide and aluminum 
was the most satiafactory for general military uses. Of all the incendiary 
materials adopted by the Allies, thermite was^ probably the most widely 
used. On the other hand, the German.s did not use thermite very exten- 
^ivtdy, although many German incendiary drop bombs and artillery 
alidl contained tlicrmite oi^ an alumino-thermite mixture. 



Another typical mixture compriaing a different type of oxidizing agent, 
is 

Barium nitmt* 04 

Magnerium......... 2S 

UiMoed oil * g 

The linseed oil acts aa a binder and deterrent. 

For use in projectiles where the tracing effect is important, a consider- 
able number of the so-ealled pyroUchnic mixtures have been used. These 
give upon ignition a Urge amount of smoke and a very brilliant light, 
but have little or no real incendiary effect. These mixtures should, 
therefore, not be registered as true ineendiaries, 

T^e use of oxidizing combustible mixtures in drop bombs and other 
relatively large incendiary devices was less successful than in small-arms 
ammunition. Such mixtures were used early in the war in incendiary 
artillery shell and in drop bombs, but in many cases were later discarded 
for the thermite^type mixtures. As a primary incendiary material who«(' 
chief function was to ignite other materials in drop bombs, the following 
mixture was used: 

^ Part*, hy Wrisht 

Potaariuju parohlonite. ^ gO 

20 

For use in a small unit drop bomb designed to set fire to very iiiflaue 
mal^ targets, we developed a Hueeessful mixture consisting of the follow- 
ing ingredients: 
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Barium chlur^te * ^ * * ► . * 64 

R«aLn. * 16 

AluitLiDum 14 

Aaphaltum vamUh 16 

This mixture was ignited by a mixture comprising reduced iron and potas- 
sium permanganate bound with parato. 

Another celebrated World War mixture of the oxidis!mg--eombustibl<? 
type was the so-called ^'Scheelite” consij^ting of one part hexamethylene- 
tetramine and two parts of sodium peroxide. It was named for ilt^ 
inventor, a Dr. Scheeie, who claimed he had destroyed the cargoes of 
Z2 vesaeia by its use. Our experiments Tsith this formula showed that 
when ignited by sulfuric acid it reacts very rapidly in the open and gener- 
ates great heat and flames, but, if confined, it explodes. On the whole, 
it was found unsatisfactory for uese in the larger incendiary devices, but 
11 modified form has possibilities for use in certain small drop bombs. 

Group IV. Flammable Materials (Uexn as such) 

This group (MUnprises those incendiary materials that are used ai< 
such without adniixture of oxidizing agents and includes the following 
substances; petroleum oils, i^arbon disulfide, wood distillation products, 
resins, pitch, celluloid, and ’v arious sorts of flammable oils and liquids 
not spontaneously inflammable. 

The two principal uses of this class of substances are: (1) as secondary 
incendiary materials to propagate and prolong the incendiary action of 
the primary material in the larger size drop bombs and projectiles; and 
(2) as liquids used in flame projectors. 

In the development of the intensive-type incendiary drop bomb, 
intended to set fire to heavy w'ooden structures and other targets rela- 
tively difficult to ignite, it was early found that such devices should con- 
tain some quick-acting great-heat-producing material, such as thermite, 
and a larger amount of flammable material whicli, when ignited by the 
thermite, would bum ’with a large hot flame for a considerable time and 
actually render the target more inflammable. 

For this purpose, various oxidizing combustible mixtures, resins and 
pitches, and heavy oils were tried and found unsatisfactory. Then flam- 
mablt^ oils, absorbed in cotton or jute w'aste, were experimented with in 
Uic hope tlint the absorbents would prevent too rapid volatilization and 
burning of the oil, but were found to possess many disadvantages. Thus, 
if the mass were scattered by an explosion, the intensive incendiary action 
is lost; if it is allow^ed to bum without scattering, the absorbent material 
protects the target to a considerable extent* Mixtures of paraffin and 
light oils were also tested and found to have objectionable hydrostatic 
ejects v'hen used in drop liombw and projectiles. 

Systematic research was then undertaken to find and develop a more 
nearly ideal incendiary material for drop bombs and projectiles that would 
meet the following requirements: 

]. Bum for a coneiderable time with a very laige hot flame. 

Zr Actually render very inflammable not only the combuatible material upon which 
Ti renta, hot the material around it for a conHideTablt area. 
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B, Contain practically no material which ia not extremely inflammable or which 
would not aid in the comhuatioii. 

4. Present no great probleine of manufacture, coat, tranaportatkiu, or use. 

Solid Oil 

As a result of an extensit'o in^'estigation of materials which would 
meet the foregoing requirement.s, it was found that the oils possesaed the 
most desirable incendiary properties and their onlj" drawback was their 
liquid state. To correct tliis defect, experiments were made to solidify 
satisfactory oil mixtures by the use of colloidal substances, and after 
I'onsiderable investigation a process'^ was developed whereby a permanent 
solidified oil mixture, meeting all rt*quirenieiifs, could bo prt'pared simply 
aud cheaply. This solidified nnxture-^aUed sohd ctf—K'ontained a 
small percentage of liquid, hav ing a relatively low fire point and a large 
percentage of a liquid having a moderately high fire point. Such a mix- 
ture burns readily, owing to the liquid of low fire point, and the burning 
<if this liquid generates tiie nect^sary heat to melt and ignite themat^rial 
of higher fire point which spreads over a large area, penetratoft contacting 
material, and actually renders it iiifiammahlc. Best results were obtained 



from distillate fuel oils v ith a range of fire points of from 170^ to 225^C. 

The raw materials entering into the maimfacfure of solid oil were 
readily obtainable and its preparation and filling into 50 drops bombs 
presented no difficulties. 

Solid oil is also suitable for use in other large incendiary devices, 
auch ae Livens projector dnims, artillery shell, and trench-mortar bombs. 

Flame-projector Liquids 

For use in flame projectors, tfie principal n^quirements of a liquid 
mixture are: (I) it must be reailily and easily ignited; (2) if must not 
have tov^ low a specific gravity'-; and (3) combustion should not occur to 
any material extent until the stream has I'cached it?? objecti^■e, since the 
desired object is to throw upon the target an liquid and not merely 

a flame. 

After an extended investigation of liquid mixtuiies for use in American 
flame projectors, it was found that the most sat i.dactory mixture eonsisted 
of a lieavy riscuous oil or tar and a more fluid and flammable liquid. 
For the heavy component, water-gas tar (sp. gr. 1.044 and flash point 
122^C.) proved to W tiie most (JatiKfactoIy^ For the light component, 
benzene lieads (sp. gr, 0.756 and flash point 20®C.) or crude benzene were 
best. The optimum proportions were found to be 70 per cent water-gas 
tar and 30 per cent ^nzene heads, resulting in a liquid of 1.02 specific 
gravity, which gave an excellent trajectory, good range, and fierce 
flame. Ignition was effected by means of a hydrogen pilot lamp at the 
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nozzle which ha£ the advantage of being nonluminoua when not in action 
and positive ignition when needed. Approximately 30 per cent of this 
mixture remains unbumed at the end of the trajectory, and a jet shooting 
0.5 gab can be thrown approximately 100 ft. 

Other nations in the World War used various combination.-^ of the 
most readily available heavy and light liquids, mostly petroleum distil- 
lates and coal-tar fractions, having an average specific gravity of 
about 0.90 at 15*C. They also used many methods of ignition, such as 
cartridges of slow-burning oxidizing combustible mixtuiies attached to 
the nozzle and ignited by electricity or friction. 

IlfCEHDIARY WEAPO^S 

A description of the eonatruetion and use of the various devices in 
which incendiary agents were employed in the World War is given in 
subsequent chapters in connection ^itli the material pertaining to the 
several combat arms. 

FUTUItX OF INCENDIARIES 

Modem warfare has left little on tiie field of battle that is combustible; 
hence suitable targets and opportunities for the use of incendiaries in the 
Combat Zone are very limited and will become increasingly so as armies 
ore mechanized. On the other hand, the military airplane has opened 
up a vastly larger field of application for incendiaries in the areas behind 
the battle front and in the hinterlands of the belligerents. To an ever- 
increasing degree the successful waging of modem war depends upon the 
industrial organization of a nation to meet the enonnoue demands for 
military material. It is, therefore, not at all unlikely that in wars of the 
future military operations will be carried far into the interior territory of 
each belligerent in an effort to cripple and destroy the industries upon 
which modem armies depend. In the attack upon industrial centers 
and upon milkary concentration areas in the rear of armies, incendiaries 
Asill play a large and useful rote. 

The vast amount of research and development work on incendiaries 
in the World War went far toivard solving the many and formidable 
technical problems created by the adverse conditions of modem warfare, 
and it may be said that, insofar as concerns the technical efficiency of 
the agents themselves, inoendiaty armament had reached a generally 
aatbfaetory state of performance. On the other hand, the tactical results 
from use of incendiaries in the late war were disappointing. This was 
chiefly due to two factors. First, the conditions on the WeBtem Front 
and, to a somewhat less extent, on the Russian Front, were naturally 
very unfavorable to the use of incendiaries. Not only was the weather 
and much of the terrain wet and adverse to application of incendiaries,. 
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but also the greater part ot the possible targets were of masonry and other 
eombustibly inert eonutruction that afforded little or no ehance for the 
successful ujse of incendiary agents. 

In addition to these adverse conditions, many of the most effective 
incendiary devices were not perfected in time to be used in the war, and 
hence tliere was no opportunity to determine their real military value in 
that great conflict. 

Since the World War, there has been little published concerning the 
development of incendiary armament. There is little doubt, however, 
that the use of those types of incendiary munitions which proved effective 
in the last war will be resumed in future wars. In fact it is not unlikely 
that with more efficient incendiary materials and devices these munitions 
will assume increased importance. 

CHAPTER XIV 

CHEMICAL TECHNIQUE AND TACTICS OF INFANTRY 
TECHNIQUS 

In coiisidering the chemical technique and tactics of the several arms, 
we shall follow the organization of the Theater of Operations for chemical 
warfare, as presented in Chap. Ill, Diagram I, and discuss the chemical 
technique and tactics of each arm in the order of its proximity to the 
battle front of an army. 

In connection with the normal chemical- warfare zones of operation, 
shown in Diagram I of Cha[>, III, it should be borne in mind that these 
zones are not rigidly delimited, nor are they even mutually exclusive. 
They are merely the zone? in i\hich the chemical-warfare activities of 
each arm may he most effectiwly and efficiently carried on, under average 
conditions. It will al^o be noted that some of the zones overlap. This 



apparently at the same time (August, 1914), gas hajtd grenades, with the 
same kind of lilLing, were also u.sed. These grenades were sl ated to be 
for use in attacking enfilading works, casemates, and passages of perma- 
nent field fortifications into which they could be shot through the narrow 
slits of the embrasures. As these grenades held such a smaU nnmunf. of 
gas, tliey were effective only in closed places and, since the first fev 
months' fighting in the World War was almost altogether open warfare, 
tliey were not effective and were soon discarded. 

In the second year of the war, after gas bad btH’ii ust^d on a large scale 
in cloud attacks and from artillery and treneh-mori^r projeciilvs, gas 
grenades, filled with more powerful gases, again made their appearance 
and continued to be used ou both sides intermittently tliroughout the 
remainder of the war. Kven with more powerful gases, gUi^ grenades wen‘ 
never effect i\e in the open and were iisi-d chiefly for raid.< chuiog the 
|K*riod of trencli warfare. 

The following are the principal gas grenades used during the war: 





T>po ; 


ClniiiLtnul filliiijT 




[Hall, hand 


! 

BKnnino' lalcr TS; Iiilvr BA 




llhill, R«d B, hfnid 


linnumotliyli'ihyl ki-iunr 


Gfirmiin 


jlkJl, Red C, linnd 


M<^Tlivlauiruri'l ['iiloritle iintl -i 




pt'r [flit dinirlhyl kuIFhO' 




iKork, Blue C. h:iiid 


DA :md 111-! 




/2C-uim., rifle 


BA imd 





iCHTin., hjiiul 

J Suflflea tin find In cri n ta t n ry 


BA nncl rhlor:if'H£>iM' 




\ Mle. 1916, hand 


Acrolein 




(Ihmd 


Bthy liodCfifCt B ic 


British 


J No. 28, hand, Mk-I | 


j Btnnnic cshlnride 




I/No. 26. hand, Mk-II 


Sumnic chloridt- imd PS 


States 


Cbb, hniid, Mk-II 


! Stunnir rhloridi: 



2\f7 



indicia tes that chemical oi>erations may be carried on conjointly by one 
urn:i to cover a zone normally assigned another arm, as for example, when 
no ch<?mical troops are available the artillery carries out chemical misr 
sions in the zone usually covered by chemical troops. 

Since infantry' normally constitutes the froiit-hne elements of an 
army, it is the arm chiefly concerned i^ith chemical operations along the 
iuimediaU battle front, particularly where such operations are for its own 
protection. We shall, accordingly, begin our consideration of the 
chemical technique and tactics of the several amis with a discussion of 
the chemical technique and tactics of infantry. 

Chemical Armamekt or Ikfastry 

Clicmirals nne usrd by infantry in the fol Lowing munitLons: 

I Gas i;rr;ruidc£>. 

1. ChemicHl grcnadcfi-|Smokc grenades. 

/ Incendiary £Fcnad«&. 

2. Smoki* canrllfw and poiu. 

3- Iidantiy-niort nr smoke shells. 

4. Smnlcr gcneraiorK on tanks. 

MiaceUaneuus Biniokc dcA'ices. 

Chemical Ghenaueb — Gab 

The grenade is a form of ammunition which came into extensive use 
during the late war, largely as a result of the requirements of trench war^ 
fare. Within certain limitations, the grenade is a convenient type of 
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ammunition to enable infantry to augment their primary weapons witii 
a small missile similar, in general, to a sliell or bomb. Grenades are 
classified according to the method of tbejr projection, as: 



United States Gas Hand Grenade, M-II (Fig. 10). — This grenade, 
which is typical of all the World War gas grenade.-?, consisteci of a shceb 
steel body, steel bushing, detonator thimhlc, detonator, and autiunatir 
firing mechanism (houchon), as shown in Fig. 10. 

In throwing the grenade, it was first held firmly in the right liaud wiUi 
tlie firing mechanism up, in such a maTinvr as to secure the li‘ver. Tiu^ 
safety pin was tlien pulled with the indi^x finger of the left linntl, 'Hu" 
grenade was then armed. After it was Um>wji, the lever, winch w;is 
long^^r held by the sjtfety pin, was thrown off and the striker jilu, impelhHj 
by a strong spring, rotiiUd airmnd its hinge pin and struck the primer, 
first iierforuting the tinfoil disk which was sealed over the top the cap 
to waterproof the primer. The end of the fuse was ti]qH>d by a priming 



Prtmer- 




tprin^ 
Hinge pin 



^ph'f pin-. 



Safefy 

- Bovchon seaMr ~~ 'c 



^-Defonator 
— Defx>nctH:>r ^himbfv 



—Bodly 

S<?e(y painfeff 
Fjfi. lOr — Gaa hand cri^nude, M-lI. 




1. Hand gicntules. 

2. Rifle gnn&des. 

3. CoEDbmution hvid^nd-HAe giEtiadtia. 

A chemical grenade is a grenade that is filled with a chemical agent, 
y.c., a gas, smoke, or incendiary, dispersed by an igniting or exploding 
devitjc, and thrown by hand or fired from a rifle. 

Chemical warfare first made its appearance in the World War through 
the use of gas grenades. According to Hanaliai^ then<^ 

earliest chemical weapons were in the form of 2^mm. rifle grenades, 
containing J9 cc. of tear gaa (broin acetone), while Haber states that 



powder compoBition which ignited the primer and in turn the fu.si . In A 
seconds the ffomo from the fuse exploded the detonator, vrhifrh hurst thr' 
grenade with sufficient force to scatter the chemical filling in fine (.IrojiictsS. 
The gaa doud produced was intensely irritating to tlie eyes and rr^spira- 
toiy paasages and caused lacrimation and violent coughing. 

Paatwar Dovolopment. — Since the late war several types id gas 
grenades have l>een developed in thb country. The early jRjwtwur typi'M 
utilized the grenade bodies iimnufaetured during the war and wert^ filleil 
with CN, the American standard laerimatory filling. Tln^; grc^nailrs 
were found to be unaatiufactory because of the small iimouiiL of crhc^mival 
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fillitig that could be loaded into the grenade body* To overcomes thiH 
defect, the grenade body waw redesigned to increase its (^apatdty 
without making it too large or heavy to be thrown by liand. As u 
result of postwar development, two types of gas grenades have bc^en 
developed and adopted as standard for the United States Army. 
tre known as: 

1* Grenade, hand, tear (CN), M^7. 

2. Grenade, hand, irritant (CN-DM), M-6. 

United States Standard Tear-gas Grenade* — The standard tenr-^of 
grenade (CN), M-7, consists of the container, igniting fuse, and filling 
(see Fig* 11)* The container is a tin cylinder 2^ in. in diameter and 4J^ 
in. high* Two thin disks are crimped and soldered to the wall forming 
the top and bottom of the container* The top has a %-in. bole punched 
in its center into which is inserted and soldered an adapter. The latter 
\a internally threaded to take the igniting fuse* Small boles are punched 




in the top of the body around the adapter and, in the fast-burning type, 
in the wall of the container body. These are normally co^-ered by small 
squares of adhesive tape. 

The fuse consists of a fuse body which carries the firing mechanism 
and a Second fuse* The firing mechanism consists of a steel striker 
horizontally hinged on a steel hinge pin in a recess betwcM>n the two wings 
of the fuse body and actuated by a steel-coil spring, A firing pin 
attached to the striker* The striker is normally held away from the 
primer, against the tension of the spring, by a lever which forms a cover 
for the firing mechanism and extends downward over the top of the con- 
tainer* The lever books under a protruding Up of the fuse body and has 
two wings through which a split pin of annealed steel passes securing it 
to the body. This pin forms the safety device for the firing mechanism- 
The fuse a^mbly consists of a primer of fulminate of mercury and a 
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jppecond-delay powder train in a lightly sealed lead container projecting 
downward from the fuse body. 

The Jillitig is a solid or solidified mixture. A starting mixture of 
putassium nitrate, antimon 3 " trisulfide ferrous sulfide, and dextrine is 
plat'cd on top of the agent. 

Operatioit* Thnntnng by Hand , — When the safety pin has been 
pulled, the lever, held in the palm of the hand, acts as a deterrent to 
prevent contact betw^een the striker and the primer. As the grenade 
Ittivcs the band, the striker, actuated by its spring, throws the lever clear 
jind strikes the primer. The primer flashes the fuse which in 2 seconds' 
time ignites the starting mixture. The starting mixture generates the 
Iwut required to start the chemical reaction of the agent. The pressure, 
n^sulting from the combustion, forces the adhesive tape from the small 
i-nnssion holes and the agent from the container. 

To Fire fr<m a Stationary Point of Release , — Place grenade on ground 
and iiold the lever firmly in position while withdrawing the safety pin. 
When ready to fire, release lever and move rapidly upwind for a distance 
of 5 yd. The functioning is the same as indicated above. 



T1h» following are the principal characteristics of the standard tear-gas 
gn'uade: 

Weight filled 1 lb. (approximately) 

Shape Cylindrical 

Color* Blue-gray 

Safety device Safety pin 

Igniter ignitu^ M-I (a 3-seoond delay) 

Filling CN — 10 ojt. (mixture of ehloracetophenone, 

oxide ) ; a thin layer of atnrting mixture 
plarcd on top of the filling 

Identification ^ letterw — CX 

Red word — Goa 
One red Ivind 

Chnmcteriatics of doiul White to hlup-gray to colotless vap<>r hav- 

ing a ftuitlike pungent odor; an imnu> 
diatc lacrimatory effect on unprotected 
perBomidi nontoxie except in extreme 
f^tieeiitrutioiUr practimJly no obfiouring 
effeet 

Timo of Imming to 4d ftt^nuds (mmea txj full volume 

ivjthiii 5 Hpc^mdsi lifter firing); h ^mall 
st.rojiin of v:ipor wutinncji some 10 or 15 
ueeoudit longer. 

United States Standard Irritant -gas Grenade* — The Htandard irritant^ 
flus grenade (CN-DM), M-6, is identical with the standard tear-gas 
?rpiinde (CN), M-7, except as to chemical filling. The irritant grenade 
fontsin?; a 50-50 mixture of CN and DM, instead of pure CN, as in the 
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tear-gas grenade. It therefore Las txjth the lacrimatory effect of CN 
and the irritant (sternutatory) effect of DM* The following are the 
principal characteristics of the irritant grenade: 



Weight filled 1 lb* (fpproximiitdy) 

Bliape Oj^lindricfll 

Color Blue-giay 

Safety device Safety pin 

Igniter Puee, igniting M-I (a 2-Becond dela}-) 

Filling* CN-^DM, approxitaately 10 ox. (a mixture 



of ohku-acotophcoono and diphenylo- 
minechlDraTsine and emokele$e powder 
and magnesium iodide); a thin layer of 
■tarter mixture ia placed on top of the 
fillmg 

Identification Red letters — CX/DM 

Red word — Gu 
One red band 

Characteristics of cloud. . . . Blue>-gray to 3^cllow in color, with a pun- 
gent fruitUke odor; the unell of smoke* 
loM ponder is also appuirent; the vapor 
has ui immediate lacrimaton* aad nau- 
seating effect on unprotected personnel 
and may cause sneCEing and vomiting 

Time of burning. 25to40 seconds (candle comes to full vol- 

ume in about 5 eeoemds after ignition) 



Chemical Ghenades — Smoke 

Tlie principal smoke grenades used during the war were the following: 



Nation 


Type 


Chemical filliiie 


German* 


Ball (ATnbcf), hand 


ChloTsulfonic acid 


French 


Incendioire et Fumig^ie, MIe. Auto- 

matique, hand 


Phosphorus (B'P) 


British 


No. 27 Combiixatum hand and rifie, M-I 


Phosphome (WP) 


United States 


Combinatinn hand and rifle, M-I 
Smoke, hand, M-II 


Phosphorus fWTj 
Phosphorus (WP) 



With the exception of the German, all tlie principal World War (unokc 
greUEides were filled with phosphorus* The American combination hand 
and rifle smoke grenade was identical with the British No. 27 smoke 
grenade, and these two were the only smoke grenades which could be 
projected with a rifie* The American hand smoke grenade was very 
similar to the combination hand-and-rifle smoke grenade, except that li 
had no base plate and rod. 
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United States Combination Hand-and-rifle Grenadet M-n (F\g. 12.) 
This grenade consisted chiefly of the following parts: the body (and rod)j 
the gainei and the firing mechanism. 

The body of the grenade, cylindrical in form, was about in. long 
and 2}i in. in diameter. It was made of tinned plate and was capped on 
either end with dished tinned-plate stampings somewhat heavier than 
the metal forming the body. To the lower cap, forming the base, was 
soldered a steel base plate approximately M in. thick. This steel plate 
ft'ftS tapjjcd to receive a rod 15 in, long and of the proper diameter to fit 
the bf>re of the ser\dee rifle. The rod was used only when the grenade 
projected with a rifle. The rods were issued detached from the 
grenades in the ratio of fiO l«^r cent of the grenades. 







Cylindrique," and by the Americans, “Thermite Hand Grenade, MK-I." 
'Fhese two grenades were identical, the American grenade being copied 
directly from the French as the most succcaafui device of its kind. 

United States Thennite Hand Grenade, M-I (Pig. 13).— This 
grenade consisted of the follo^ring parts: 

1. A cylindrical diell of tin plate to which th« top and bottom were o Unshed liy 
crimping and aoldering. In the cox*ct wuv n hole into which wao $oldcred a Jnetallir 
ring, tapped to receivo the firing mediaiusm. 

2. A pereutufipn cap pnn^ided with a Bictford fuse. 

3. A charge of thermite. 

4. A loixtun of apectal ignitkm materiat. 

The grenade body was approidmateiy in. long and 2^ in. in 
diameter. The total weight of the charged grenade was about 1-65 )b. 

To use the grenade, it was grasped firmly in one hand, and the cover 
cap was removed with tlie other hand. The striker was then forced in 
sharply by striking it a keen blow against a hard body such as the heel, 
a rock, the butt of the gun, etc., and the grenade waa then immediately 
thrown or placed against the object to be burned. The percussion of the 
primer ignited the Bickford fuse. Its combustion required 5 seconds, 
after which the quick match was lighted- This, in turn, ignited the 



Pif;. 12. — Orenfide, tDiuhLibaliDii bhnd aud rifl», W.P.. Jjut. COEOpJeto. aliowiiiE ■Hmblx 

I'd the upper cap, forming the cover of the body, was soldered a 
striker chamber, externally threaded to hold the firing mechanlim. The 
guine was inserted through the striker-chamber cover and was soldered 
to the former. 

The primer rested on top of, and was held in place by, the striker 
rhamber. The primer was crimped to the fuse, on the other end of which 
was crimped the detonator, the fuse and detonator extending into the 
gaine. The striker was held by a shear wire. Over the entire firing 
rncchaiiism wa.*? placed a metal cover to prevent accidental discharge^ the 
<-over being held in place by means of a retaining pin and ring. A small 
liole was provided in the cover cap for filling. This was sealed with a 
disc of tin. The filUng charge was about 0.90 lb. of white phosphorus. 

AHien used as a hand grenade j the cap over the firing mechanism wa.‘« 
rcmo\ed after ’withdrawing the retaining pin. The striker was then 
struck againsd; any solid object, as the heel of the boot, the butt of the gun, 
a rock, etc., and the grenade was thrown immediately after striking. The 
>Jiock sheared the small restraining wire and the striker point fired the 
primer and started the fuse burning. 

\Mien used as a rijle prenode, the stem was attached by screwing it 
luto the base plate of the grenade as far as it would go. The protecting 
uap was then removed, exposing the striker. A blank cartridge furnished 
for this purpose was next loaded into the rifle, after which the grenade 
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rod was inserted into ’the mnzsle of the rifle and pushed do'nm as far as 
it would go. The butt of the gun was set against some solid object, such 
as the bottom of the trench, a sandbag, etc., and the elevation adjusted 
according to the range desired. Upon the discharge of the rifle, the eeU 
back sheared the small restraining aire, permitting the striker pin to 
impinge upon the primer and thus ignited the fuse which in 5 seconds 
fired the detonator. 

The maximum range was obtained with the rifle held at 45 degreea. 
Shorter ranges could be had by either raising or lowering thiu elevation. 
Under favorable conditions, ranges up to 230 yd. were obtained. 

Postwar Development of Smoke Grenades. — The phosphorus com- 
bination hand-and-rifle grenade was a very successful munition and was 
by far the most elective and useful chemical grenade in the late war. 
Because it was so satisfactory in the w'ar, nothing has been done since to 
develop a more effective smoke grenade, and the World War type of 
combination hand-and-rific smoke grenade remains today the most 
effective de’vice of its kind. 

Chh:uical GnsNADJi^s — 

111 addition to the phosphorus grenades mentioned abo’i-e which, 
although primarily smoke devit^es, had considerable incendiary effect, 
there was also used in the ’H'ar a special incendiary grenade which was 
called by the French, “ Grenade-Incendiaire A Main, Mle. 1910— 
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special igniting mixture. By reason of the delay and absence of explosion, 
grenade could be placed by hand or thrown to a distance. 

The thermite incendiary grenade w^as effective because of the intense 
\vtat of the molten materisl. It w’aa placed by hand above the object to 
\ie burned and used principally for the deatructioit of noncomhustihle 




iimtcrial. It contained a tht^rmite mixture which produced an exceed- 
uigty high temperature, the contents becoming a mass of white-hot 
molten metal. 

SuoKX Canbles and Pots 

Small portable nonmissile devices which produced smoke by progix^s- 
"iw burning of a chemical filling were in the late w^ar called smoke candlen. 
If the device were of a larger site, not ao readily portable, but producing 
a more enduring smoke cloud by longer burning, it w'os called a ttuoke pU. 

3tH 

These devicea were among the first smoke producers used in the war^ 
They proved very effective for ^pplemcnting the gas operations of 
rlieniical troops and were later more extensively employed in scieening 
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infantry operations. 

Smoke candles were introduced by the British at the battle of Loo« 
in September! 1^1^! being used by the British apeeial gas companies in 




Fig. ]4. — United snioke-«jb*titute oniidle 



conjunction with tlieir gas operations at that time (12^ page 56)- These 
candles were known as “Smoke Candle! Mark 1/L/Type S.” 

\\Tien the United States entered the warj it adopted a smoke candle^ 
which was very similar to the British Type S Smoke Candle, and was 
known as “Candle^ Smoke Substitute/^ 

United States Candlei Smoke Substitute.— This candle consisted of a 
tin casL% cylindrical in shape, diameter, and 

filled with a solid smoke mixture, as sho^mi in Fig, 14, To the top of the 
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rase v as fitted a case cover, containing a central circular hole 1 in. iii 
diameter, through which the match head was inserted and from which 
fhc srrioke escaped when the candle w'as fired, A cardboard disk con- 
taining the match head waa placed on top of the case cover. The match 
head extended down through the hole in the case cover and acted as the 
igniter for the smoke mixture, A scratch block for igniting the match 
head was taped to the cardboard disk on one side of the match head and a 
r^mall strip of wood, the same sise as the scratch block, w^as placed on the 
fither side of the match head in such a manner that they were easily 




removable. The strip of wood^ together with the scratch block, formed 
:i protection for the match head. A metal cover was fitted o’^ er tbe top 
of th<^ candle and sealed with adhesive tape. 

The smoke mixture consisted of potassium nitrate, coal dust, sulfur, 
liovax, and hard pitch, while the match head consisted of a mixture of 
jKfiassium chlorate, antimony sulfide, and dextrine. 

The candle completely assembled was in. high and 3^^ in. in 
diameter, weighed lb., was painted black, and was not marked or 
slciiciied in any way. 

By di'awing the scratch block quickly across tbe match head, the 
latter was ignited and flashed into the eapdlc, igniting the smoke mixture 
A ilchi 3 " of about 3 stn-onds occurred betu'een the scratehing of the match 
liead and the evolution of smoke. The cardboard disk holding the match 
hcarl burned oJf. 
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Smoke of a yeJlowbh brown color was generated in considerable 
'I'olume for a j>eriod of 4 minutes. A smaJt cloud of vapor at the finiali 
usually lasted for another half minute. Figure 15 shows the candle, 
smoke substitute, in operation. 

These candles could be fired either singly with the scratch block or as 
A group with electric squibs. When fired indi%4dually, the adhesive tape 
from the cover of the capdle was removed and the candle was placed in 
uii ujiriglit position on the ground. 




Fio. lft.'"|Llu4tratU>n of eloi^trtrjil tDethod of ftring widloa. 

CtitLdl^. 3- CardlKHfd dirk. y SquEb. T. Lefd wEp*. 

l-nnrr ravw. 4. Mptcb hnad- XdEH«iTit‘ mpF. I, ^plndpT 

After the tape was removed from the nuitch head; the scratch block 
was draum across the match head. When fired as a group, the adhesii e 
tape from the cover of the candle and the cover were removed, aho the 
scratch block and ta;x;, exposing the match head. Tha plug from the 
base of an electric squib was i>>moved and the squib ^ith b^ (open endj 
was securely taped against the match head. 

The candles were then connet'ted in a series and attached to a blasting 
machhie (set* Fig. 16), The number of candles that may be fired elec^ 
trically is limited oniy by the capacity of the exploder or blasting machiin^ 
used. 

The catidle, smoke substitute, was painted black. Paint was applied 
i)y dipping the candle in asphaltum paint for the purpose of protecting 
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the container and preventing the acceee of moisture to the contents. No 
marking was placed on the candlcj smoke substitute. 

Postwar Development of Smoke CntuUee. — The postwar de\ elopment 
of smoke eandlea has closely paralleled that of tear-gaa candles. The 
first step was to subsUtute HC smoke mixture* for the British Type S 
^oke mixture, Tlie next step was to standardize the sise of the smokt^ 
candle so as to make it the same as the tear^^as candle and thus utilisr 
the same container for both types. The result of this step in the develop- 



‘Siw Chmi. XI, p, 245. 
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meut -vas know^n as ^^Smoke Candle, HC, M-II," (later called '^Smoke 
Ciwiade, HC, M 8 »), 

Candfc, J/C, Af*//, consisted of a cylindrical titi container 
in. in diameter and 4^ in. high, filled with a solid smoke mixture 
and a starting mixture and had a fuse mechanism for firing. With the 
fuse attached, the height of the candle U 5^ in. For details see Fig. 17. 

A zinc cup, circular in shape, 1^4 hi. in diameter, and ^4 in. dn^p, was 
placed in a depression left in the top of the smoke mixture. The top of 
the cup was flanged outward, the flange being ^dde. The flange 

of the starter cup covered the entire surface of the mixture. 

The container top, in v’hich there were four in. holes covered by 
fiquares of adhesive ta^ and to which a brass adapter was riveted, was 
fitted to the can on top of the ainc starter cup. Into the brass adapbT 
wat< assembled a fuse, M-I. 



The smoke mixture was composed of hexachlorethane, powdered zinc, 
ammonium perchlorate, and ammonium chloride, atid the starting 
mixture con^^Lsted of potassium nitrate, antimony trisulfide, and dextrine. 

The candle, ^ith fuse attached, wciglied approximately lb. 

When the safety pm of the fuse was pulled and the lever releiiMed, the 
striker fired the primer. This ignited the delay element. which in turn 
ignited the starting mixture. The starting mixture burned through the 
line cup and started a chemical reaction of the smoke mixture, generating 
considerable heat with the formation of zinc chloride. 



The zinc chloride escaped into the air as a dense wiiite smoke, com- 
posed of finely divided solid particles, which readily absorbed moisture 
and became higlily obscuring liquid particles. 

The caudle burned from 2)^ to 3)^ minutes in full volume. A small 
stream of vapor lasted for possibly 3i minute longer. Figure 18 shows 
Smoke Candle, HC, M-II, in operation. 

To fire, the candle was grasped 'nith lever held firmly against the 
candle body and the safety pin was withdrawn, keeping a firm grasp 
around the candle and lever. The candle was thrown isith a full jawing 
of the arm, like a grenade, or placed on the ground. As the candle wan 
released from the hand, the kver dropped aw'ay, allowing the striker to 
fire the primer. 

The candle could not be thrown into or plaxx^d within 5 ft. of dry grans 
or other readily inflammable material if a fire w'as to be avoided. After 
the candle was ignited, personnel remained .at least 5 ft. away from the 
burning candle. Wliile the candle was practically harmle^, the smoke 



was evolved w'ith great vigor, and there wa^ a tendency to thn>w out hot 
particles of residue. 

Smoke candle, BC, M-II, was painted gray. A yellow' band 14 in. 
wide was painted around the can, 2 in. from the top^ Stenciled in yellow' 
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in 3^-in. letters was the symbol "HC," in. from the top of the con- 
tainer, and the word "SMOKE" 134 the top of the container. 

Below the yellow band, stenciled in yellow were the letters "U.S.," the 
manufacturer's identification mark, and the lot number. 

HC Smtike Foi, M-I.—Miet sex^ral years’ use of Smoke Candle, HC, 
M-II, it tras found to be too small for the moat economical generation of 
smoke, and a larger size device was 
developed. This device, known as 
''Smoke Pot, HC, M-I," uses HC smoke 
mixture as a filling and the scratch- 
block type of firing mechanism employed 
ill the ^moke-substitute candle. Smoke 
Pot, HC, M-I,isnovr thefitaudard j>orta- 
ble field screening smoke generator for 
the United Ststes Army. 

The present standard smoke pot 
(Smoke Pot,HC,M-I) is greatly superior 
to the World War types of smoke candles, 
both as regards quality and quantity of 
jonoke generated. A^s indicated in Chap. 

XI (page 246), HC smoke mixture has a 
TO.P. of 2,100, as compared to a T.O.P, 
of 460 for the World War Type S smoke 
mixture. Also the standard smoke pot 
contains 12.5 lb. of HC filling as against 
3 lb. for the smoke-substitute candle, 
equivalent to 20 amoke-sub:<titufe (T>T>e S) smoke candlen in obscuring 
capacity. 




18 . — Smokfl Csodle^ HC, 

in 



M-Il. 



One standard pot, therefore, is 



CHAPTER XTX 



INDIVIDUAL PROTECTION 
WORLD WAR DEVELOPMENT 

To accomplish its mission in war, an anny must protect itself; it must 
seek to keep itself intact and avoid an excessive drain in casualties upon 
its resources and fighting power. Hence there is both an individual anti a 
collective demand for protection in war regardless of wliat mean.s or 
weapons arc employed. In consequence of this, the history of war miglit 
well be ^■^ewed as an age-long and continuing struggle between weapon 
development as a means of taking life, on the one hand, and protection 
as a measure for safeguarding life, on the other. 

Broadly speaking, gas is used as a war weapon to contaminate the 
atmosphere about the enemy's position, rendering it dangerous to 
breathe. Certain chemical agents are so toxic that but a few breaths of 
lliem in high concentration will cause death by asphyxiation. Other 
attack the surface of the body and produce casu^ties by burns. It 
L* therefore imi>crative that each individual be provided uith a protective 
device to remove the noxious substances from the air before they are 
breathed or before they come in contact irith the body, Tliis is the 
problem of iJufmduuJ protection. 

War gases are heavier than air. Hence they tend to hug the ground 
and flow more or leas like water into ground depressions, such as ravines, 
hello wa, and valleys, remaining effective in such jilaces mucli longer 
than on liigh ground exposed to the wind. Gas secf)s into trenches and 
Hugouts and penetrates ordinary buildings ju.st as does pure air. Woods 
contribute to their persistency. Hence it is that ordinary cover from 
puu fire is not only ineffective against gas but, to the extent tliat it causes 
“gas jwckets," actually contributes to the effectiveness of chemical agents. 
Tin* continuing action of gas after its release has also to be reckoned uith 
^or, unlike an H.E. shell, the effect of which is complete wlien the shell 
explodes and each of its fragments has come to rest, the action of a clremi- 
^ abell merely begins upon its explosion. 
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These factors greatly complicate the problem of gas protection, for 
not only is it necessary to ha^'e special protectiv e equipment, but then' 
he some means of giving vv arning in time for this equipment to lx- 
“^IjuKted, Moreover, men cannot wear masks continuously. They etm 
neither nor obtain much rest wh^^^wearing masks. Hence means 

must be provided to enable soldiers to eat and sleep without masks and 
to enable staffs and special^uty men whose 'n'ork requires freedom from 
the restrictions imposed by the gas mask to carry on th^ functions 
unma^iked and yet protected from the aU>pervading elutcbes of tooric 
gases. This is the problem of group or afUeeUve pnO^ction. 

Finally, measures must always be taken to protect tactical units 
against chemical attack and to assist them in accomplishing their missions 
without excessive gas casualties* This is the problem of fadicoj protection. 

From the foregoing it will be seen that defense against chemical 
attack presents three classes of problems: (1) individual, (2) collective, 
and (3) tactical protections. The first two of these involve protective 
measures of a generally passive nature, i*e*, principally the provision and 
use of individual protective equipment, discussed in this chapter, and 
installations for group protection, treated in Chap. XX. Tlie third 
problem — tactical protection-concerns modes of action and troop lead-' 
ing, with the view to avoiding gas casualties in the conduct of military 
operations* 

\Mien the Germans launched the first chlorine cloud against the 
British and French in April, 1915, it caught them without any form of 
protection, and hence caused a tremendous number of casualties (15,000) 
and a high percentage of fatalities (33 per cent). So staggering was this 
blow that all the energies of the British and French Governments were 
concentrated during the next few weeks on improvising means of protec- 
tion against gas, and the results achiev^ed were nothing short of miraculous. 
Within the short space of two weeks, every British soldier at the front 
was issued a cotton pad soaked in a solution of sodium carbonate and 
thiosulfate, which could be tied over bis face and which afforded protec- 
tion against chlorine — the only gas then in use* 

Concerning this early effort on the part of the British, General 
Foulkes saysr 

ImmediuU^ly thefinrt Gciman gu ^ttaok . . . Lord Kitchener tiad htcnt two 
^rminertt H'ietitiiittt, Dr. Haldutu^ and Prqfewwr BakeT, to France to inx-evtignte th* 
jiruldeni of prote^^tiouon the spot; he had also appHaled to the British public to anppiv 
pad na^piratons such aa were boing tmpmviaod In the field, and in a very few dayir 
thanka to the devoted efforts of British women aud the orgaDiiatioa of the Red CroWf 
every man in the B.E.F. had been aiippHed with wme »rt of protection ajcaiiut *w- 



From the first big gas attack in April, 1915, to the end of the war, the 
resources af both sides, and particularly of the Allies, were strained almost 
to the limit to keep gas protection abreaat of the rapid development in 
tlie offensive use of gas. It was truly a modem version (vastly acceler- 
ated) of the age-old race between armor and armor-piercing projectilea. 
During the three and a half years of the gas war the British Government 
alone issued 50,000,000 gas masks of seven different kinds to protect an 
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army of 2,000,000 men in France — an average of 25 masks per man* 
This was not waste; it was dire necessity, forced by the following sequence 
of events: 

The Germans used; 
i* Chlorimt on Apr* 21, 1915, against 
unprotected troops* By May 3, 1915, 

British troops were issued cotton cloth 




Flo* ICS. — Firfit Britiih pu 
Black Veil RHplntoF. 



pads soaked in a solution of sodium car- 
bonate, sodium thiosulfate, and water. 

These were supplemented with boxes of 
cotton waste from which each soldier 
took a handful to stuff in his mouth and 
nostrils before fastening the pad over his 
face* Tlie pads required frequent soak- 
ing. This form of protection was nev-er 
regarded os more than a temporary 
expedient. 

By May 10, 1915, British troops in 
the Ypres sector ij'ere provided irith tiie 
Black ]>if HespiTotar (see Fig. 108). 

This consisted of a fourfold piece of 

black veiling about 1 yd. long and 8 in. wide. Tlic center portion was 
padded with cotton and saturated witli sodium carlxmate, glycerine, and 

water, the glycerine having Iwn added 
to keep the pad moist. Tied about the 
face, this respirator, iKiwe^-er, did not 
insure a ga^^tight fit and wa^ soon 
replaced witii a new design. 

2* Tear (T-Stoff), in shell 

beginning in January, 1915, but inci'cas- 
ing to seriiiur^ proportions in May and 
June. The?ie tear gases causr'd ^'eiy 
serious I fieri mat ion (an unprotected 
man was helple.ss) when jircseiif in a 
concentration only one six-thousandtli 
of tlie lethal coneentration of chlorine. 
To meH this threat the British issued 
the Hypo Helmut (see Figs. 109 and 
110). This helmet was made of ftanueJ 
in the form of a sack which could be 
put over file head uith the open ends 
tucked inside the blouse. The cloth was dipped in hypo (sodium 
thiosulfate), waahmg eoda, and glycerine. A rectangular piece of 




cellulmd was inserted in the helmet for vision* Thte was easily cranked 
and the mask was otherwise defective in having no outlet valve to prevent 
the harmful accumulation of carbon dioxide inside the helmet* This 
mask waa issued to all troops in the field by July fl, 1915. 

3, Phoagene, on Doc. 11, 1915* Phosgene was ten times more powon*^ 
ous than chlorine* By July, 1916, it was learned that phosgene would 
lie employed by the Germans during the following December* The 
British Intelligence Service ascertained not only this important fact but 
also the exact area within which the attack would take place. With 



five months to prepare, the British developed the P. Helmet. 

This was similar in shape to the Hypo 
■ HHmot but was made of fiam«dclte and 

was pro\'ided with two gloss eyepieces. 
^ ' It also had an expiratory valve made of 
rubber, very similar to the outlet valve 
on present-day masks (see Figs. 109 and 
110), The helmet was dipped in a solu- 
tion of cau-^tic soda, plienol, and glyc- 
erine* The first two of tiuwe substanctw 
react to form sodium phcnolate which 
neutralized pliosgene, hence the name P. 
or PkeTiotatc Helmet. It was used by the 
British during the large phosgene attack 
Flo. 110 .— BritiA Hypo. P., or near Pilckum on Dec* 19, 1915* It saved 
many live* tbou^ it wm not fully 
satisfactory against high concentrations* 
Meanwhile the Husrians had discovered that a substance known 
urotropine or hexamethylenetetramine readily neutralized phosgene. 
With this information, the British now discarded the P* Helmet for 
the P.H. (phenate-hexamine) Helmett similar except for the protective 
solution in which it was dipped (see Figs* 109andll0). Thenewsolurion 
was urotropine, caustic soda, phenol, and glycerine* The P.H. Helmet 
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gave inuvh better protection than tlip P. Helmet, was effective for about 
24 hours’ eoiitinunus use, and \vou!d withstand a high concentration of 
photigone. 

By the latter part of 1015, the Gt'rinausii had eon’mieiu-eJ the extensive 
employment of lacriiimtors either alone or in eonjmietion with lethal gas* 
The P.H* Helmet offered little proteetion against lacriniators* Accord- 
ingly in September^ 1915, goggles made of rubber with mica evepiecee 
were issued for use in connection with the P.H* Helmet* This involved 
difficulties of adjustment which led to the development of the 
Helmet, ha\4ng tight-fitting gogglegi attached to the mask. This helmet, 
however, was also difficult to adjust and was soon discarded. With tJje 
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subsequent invention and issuance of the box respirator, the P.H, Helmet 
was continued in service use for aome little time as a substitute in case the 
respirator was lost or damaged. 

4* Increasing roficcrrfroffon of gas early in 1916* The protection pro- 
vkled was inadequate* Having reached what they beliei^ed was the 
limit of protection with the helmet-type of ma^^k, still not fully satis- 
factoryj the British now* turned to an entirely different principle, with 
tbe invention of the Large Box or Torhox Respirator. This was the first 
British Army mask w hich ixiduded a canister of neutralizing chemicals. 
The canister contained granules of char- 
coal, soda lime, and potassium perman- 
ganate. It was connected by a rubber 
tube to the facepiece which xmvered only 
the chin, mouth, and no.se* The face- 
piece waa made of 24 thickneases of 
muslin soaked in sodium zincate and 
urotropine* The fai^epiece included a 
nose clip tO prevent breathing through 
the nose and a rubi>er mouthpiece for 
breathing with the mouth through the 
canister. Goggles w ere used for protec- 
tion against Jacriinators* 

5* ChiorpicHn and sfwjlor (preen \ 

Cross) gases y about Mar* 26, 1916* 

Chlorpicrin w’as about four times as 
ixoisonous as chlorine. It w'as alw 
cheuiicfllly very inert and waB Jiot 

'efficiently absorbed by any respirator 
lo this date — BpitishSnmll Box IleBpirttoTr 

l^hc Large Box Resjiirator w'as cuinbetBOme and deficient in jsrotectiun 
against lacrimators. It, in turn, was supplanted by a mask xif improved 
<lcslgu called the SnmU Bex Hespiraior (see Fig* 111). This was first 
issued to troops in April, 1916, and ser\*(Hl the British, as well as many 
of the United States troops, to the end of the War, The Small Box 
Itespirator cim.sjsted of a small canister containing layers oi chai'coal, soda 
lime, and potassium permanganate; a corrvig*'vted tul>e and a facejiiec'c 
covered the entire face. The face]iiece w*as made of rubber cloth and 
while a tight fit w*as tlcpended ui»on for protection against lacrimators* 
the rubber mouthpiei’C and nose clip, to insure that only air fjxnn the can- 
ister w as breathed, were ndained. 

6. Mustard g<is (iVffoir Croas), in July, 1917. Mustard gas is 36 
times as iwisonous as chlorine. The Small Box Respirator sufficiently 
protected tiie eyes and nose against mustard gas. The mustard gas 
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persisted for days in any locality where and had very little odor and 
w^as not unpleasant at the time. The masks were vciy uncomfortable 
when w^orn for long periods* Also, the mustard gas affected all parts of 
the body, easily permeating the clothing* Hence tremendous easualtie^ 
were caused by its use* Adequate protection never was devised. Di;^ 
culties of manitfacture fortunately limited the German supply. 

7. Tojtic smoke (Blue Cross), in July 1917* Some of these toxic smokest 
produce intense and intolerable (an unprotected man could not fight) 
irritation of the nose and throat in concehtrations only one txventy- 
thousandth of the lethal concentration of chlorine. All the masks pre- 
viously mentioned permitted the penetration of smokes* Thfe German?* 
discovered smokes terribly irritating to the nose and throat and com- 
menced their use on a very large scale. The Germans manufactured 



14,000,000 Blue Cross shell and expected extremely important results, 
hoping to force the removal of the mask and permit casualties to be 
readily produced by other gases. 

The British had foraeen this possibility and had provided a partial 
protection in the shape of an extension to the Small Box Respirator. 
Subsequently other changes w-ere introduced* Really adequate protec- 
tion never w-as devised. Fortunately the German sheila w^re not effec- 
tive. (Penetration of the mask is effective only when the particles are 
approximately of a certain size.) 

The above facts illustrate grimly the strenuous race that took plaw’ 
betw een offensive and defensive gas warfare in the late war* 



Mask Development 



The evolution of the British w^artime gas maak^ as outlined above, is 
of special interest since it w^as the British tsrpe which was adopted by the 
American Army upon entry of the United States into the w’ar* 

The earliest German respirators consisted of pads of cloth soaked in 
a .‘iodium tliiosulfate — sodium carbonate eolation* These were followed 
by masks of absorbent cloth made in the shape of a snout which fitted 
over the mouth and nose. 

During the fall of 1915, the Germans turned to a canister-type respir* 
at or (see Fig. 112). Tlie facepiece of this mask was made of leather 
treated with tar oil and tallow* to render it gaslight and watertight. 
The facepiece covered the entire face including the eyes. Eyepieo^, 
consisting of an outer layer of glass and an inner layer of chemicalij 
treated celluloid which prevented dimming, were inserted. Screwed to 
a socket in the facepiece w'as a small cylindrical canister containing 
absorbent chemicals. The air w as inhaled and expired directly through 
this canister. Originally the canister filling consisted of a layer of kieseb 
guhr or granules of earth soaked in potassium carbonate co^'crcd with 



powdered charcoal, a layer of charcoal granules, and a layer of pumice 
tnaed with urotropine. In April, 1918, a layer of charcoal and rinc 
oxide waa eubetltuted for the layer of earth granules, 

To protect agunet irritant smokes, a paper disk filter in a perforated 
metal container, which was fitted over the canister, was later issued. 
This mask had the advantage of compactness, but as there was no 
outlet valve the wearer had to eontimiaiiy breathe a certain amount of 
his own expired air. Also the entire weight of the German mask and 
canister was carried by flie head and 
jiroduced fatigue of the neck muscles 
after a slmrt period of wear. 

The FTcnch developed three ma$k 9 , 
the M2, the Tissot and the A.R.S. 

{Appareil Respiraloire Special). 

The M2 Mask (ace Fig. 113) w'as in 
the form of a smout covering the face. 

U was made of 32 layers of mualin 
impregnated with neutralizing ehemi- 
vals. Celluloid eyepieces wiTe proridod 
for rision. There w*aK no outlet valve. 

Air was inhaled and exhaled through 
Ihe fabric* 

The facepiece of the Tis?w)t j\IaBk 
(see Fig. 114} was made of pure ntb- 
ber and w as connected by a tube to & 
canister of absorbent chemirals carried 
on the back* The mask is noteworthy 
as being the first to provide for drawing 
the incoming air across the eyepieces 
to prevent them from dimming* It 
was used extenri'i'dy by artilleiymieji 




Fig. — Fitrly Oanuim ieas tiwisk. 



and Special observers in botli the French and Ameriean armies. It wa.H 
elumay, however, and difficult to adjust mid was hoiwo im.Hiiitahlc Un 
front-line troops. 

The French now turned to the Gerniim \ype i>l snout iranlsLiT mask, 
developing the A.R.S. Mask, experimeulatioii with whieJi Iwgan in Se|)- 
f^ber, 1917. This mask was an impovement on th<’ German in that 
it incorporated the Tia&ot principle of preventing dimming of the eye- 
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pieces by drawing the dry inspired air across them and it also included 
an outlet valve which the German type lacked. ^ The French Biiout 
caiiisterj however, gave somewhat less protection than the German. 
Moreover; the French did not furnish each soldier with an extra canister 
to carry with hin mask as did the Germans. 

The original Italian mask was somewhat similar To the French MlJ 
type. This was soon discarded for the British Small Box Bespiratnr 
which the ItaJians adopted for their troops during the war 




Fie. H3.“-Freaoh Fie. French Tiawt eus mask 



M2 maik. 

The Ru^isiaii wartime gas ma.^k (see Fig. 115) consisted of a headpiece 
which covered the head including the ears. It was miinected directly 

to a canister Imx supiwned on the 
chest. The canister contained dim- 
coal only. This mask had neither 
month ]}it'Cc nor nose clip, litit was 
still uncomfonuhlc 1o wear. 

I poli eutiy of till' I Iff tnf 
ill llit^ war, the War llepari nu'ot 
adopted the British Small Box Ues- 
piralnr (.sii' Fig. Ill), considering it 
tlic licst of Kumiteaii inask.s whidi 
had ljci‘ii devclo^K'd. HitwevtT, in view 
of the then cxtcn.sive use of mustard 
gas which Jicivssitaled the wearing of 
the mask for long periods of time, il 
wa-s early realized by the American Gas Scrvi<T that the uncoriifort- 
aNc mnuihpieec and nose clip nf the Britisli tv|>c of mask slmuld 

541 

Irt? di minuted. Accordingly expenmentation vr&s immediately begun 
leading to devolopnient of a number of improved designs. None of 
(hi>sc fully met requirement, and it wa .5 Dot until the dose of the 
vrar that a satisfactory American mask of improved de.'sign was pro- 
duced. All told a total of 5,692,499 mask^ were made in this 
conn try during the war. Of this number 4,210,586 were shipped tn 
France. 

The first American effort in gas-ma^k production was a lot of 25,000 
masks of British type intended for use of the 1st Division. These wert^ 
mmic without sufficient knowledge of British sjjecifications and fubrica- 
lioN methotis. They were ishipped to France in 1917 but pro\Td faulty 
and were never issued to troopii. 

Follow ing rcc<4pt of more definite information, production of maskit 
fnr training |nir|uwea, practically in exact duplication of the British tyr>e, 
wa.s !>egun in tins country in July, 1917. The facepiece of this type was 
made of rulila»rixed cloth and included celluloid eyepieces. It had n 
rubber mouthpiece and nose dip similar to the British, 

The Training Mask was followed In Octol>er, 1917, w ith the C-E. or 
CarrrrU'ff English Alaska This included an inijirovement in the facepiecr- 
fabric, protecting against all gases, the previous type having been per- 



meable to chkirpicrin. Other improvements were the addition of thi- 
flutter valve guard, iise of coiled spring to hold the eyepieces in place, 
change in the angle tube giving lower breathing n'sistaiif e, and the svib- 
stitution of activated cocuaimt charcoal in the canister, fur the nnacti- 
v ated wmni charcoal in the original British tyjic. Before tlie Armistice, 
1,864,000 of the C.E, Masks were turned ovit. 

The R.F,K. JfasA’ w'as a somew hat improved Tyi>e designed by threc^ 
nil'll nmiiected with the American Gas service, Richardson, Flury, and 
Kops. Noteworthy improvcnreiita of the C.E. mask were the u.se of 
spniviii nhiniimim eyepieces ami a change in the shujic and the fucepiecr' 
Inmler fniinc to increase the comfort. From Fehrumy, 1918, until the 
.\rmisMce, of lUc^e masks were ]srndiU'ed. 

Til meet the demimd for increased comfort and lower breathing n'sisi- 
mice, there followed several type? notcwoithy as the forerunners of the 
prcsciii-dsiy Ainerieau Army mask. In all of these the moufhim'ce and 
nose clip weiv distieiised with, and the Tlssot principle of deflecting the 
iticomiug dry air across the eyepieces was incorjatrattMi. The A.T. 
(Aknui Tissot) Mask, was designed by the Akron RuMicr Company 
isec Fig, 116). The facepiece of this mask wa? made of molded rubber 
cuverc’il wiih stockinette. Inside the facepiece was a Y-shaped tube to 
del led the iucomiiig air across the cj^cpiece? and a ?ponge-rubber chin 
rest was also firovided. Production nf this tyjjc darted in June, 1917. 
!i total nf !07,0(K) being made before the .irmistho^. 
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Another improved type was designed by Hops and knowm a-s the K.T, 
fir /Capa-rwAut Mask. This maak contained a semiBexible facepiece 
hinder frame and w^aa provided with a butterfly shaped air deflector made 
of rubber. It had. no angle tube, separate tubes for inlet and outlet of 
air being used. In place of the rubber chin rest of the A.T., it had an 
(4a.?tic chiu rest strap. The self-centering adjastable head hamesa pro- 
vided in the A.T. was incorporated in 
this maak. A total of 337,000 were 
made before the Armistice. 

The principal objection to the 
A.T, and K.T. Masks was that they 
were difficult to manufacture. 

By Octol>er, 1919, production had 
begun on a further improved type 
know'n as the 1919 Modsl or K^T.M, 
Mask. About 2,000 of theae were 
turned out before the Armistice, by 
wiiicb time preparations had been 
made for their manufacture at the 
rate of one million a month. 

The facepiece of this mask was 
made of a special rubber compound. 
The out.side surface w'a^ covered by 
a layer of tliin cotton fabric cafled 
stockinette vrhich ivilcaniied to 
the rubber. The facepiece material 
Fio. lift. — Amwlcan A T, {Akron-Tiestti^ With Stockinette covering w'as manu- 
lutniAik. fa<dured in the form of sheeta from 

which the facepic<o?s were cut out by means of a special die. The die 
cutting was so siiupcd that when folded and two short edges were sewn 
logcthcr to form a chin seam, a jimpcrly fitting mask wa? obtnined. This 
method of manufacture greatly facilitated muMs production. Holes for 
the eyepieces were eliplii al so that an uneven tension was produeed around 
the eypieces causing the eyepieces to bulge forward as desired and insuring 
a proper fit about the temples. The mask had an angle tube similar to 
that of the A.T. and a deflector almost identieal with that used in the 
K.T., but neither a chin rest nor a chin strap, the facepiece being so sha]^ 
that these were unnecessary* A head liarness pad of canvas-covered 
felt and buckles for adjustment of the head harness straps were pro\4ded. 

Cakisteu DKVELorMKST (Ami^kican*) 

The canisters of the early American tyjw masks v ere filled with char- 
coal and soda time in the proiKiriiiiii uf tiiJ to 40 and were ]minted b/nck. 
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They were about one-fourth larger than the British type, it having been 
feared that our charcoal was inferior and that hence a larger amount was 
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iM’i'dcd. It viBs later learned tliat American-made charcoal was in fact 
superior and the canister was accordingly reduced to the same siac as the 
British. 

The canisters of the C.E. Masks were of the reduced size and were 
1 minted yellow. By January, 1918, two cotton pads were inserted in tlie 
<anister to protect against irritant smokes. These canisters were also 
I mill ted yellow. 

When the R.F.K. masks were being manufactured, it was found that 
tlie canister could be reduced still further in size and also that breathing 
resistance could be lowered. Canisters of this improved type wei’e 
painted green, 

\"arious sorts of irritant smoke filters were used during the World 
War, inchiding pai)or, cellulose, and cotton. Felt was found to be the 
most efficient material, though it offered considcralde rc’sistance to breath- 
ing and was expensive. Accordingly, the next American improvement 
in canisters was the incorporation of a felt filter. This canister was 
j)ainted bine and was used in the 1919 mn.sk. 

Carkier Development 

For the' early American types of gas masks, a square-shaped canvas 
satchel, carried slung over the shoulder, was provided. The .sling or 
carrying strap for these carriers w'as so made that the satchel could be 
quickly transferred to the aleii position across the chest, a cord being used 
to tie around the bodj’ and hold the satchel in place. This two-posiiion 
< arricr was not satisfactory in this respect and, moiXHjver, when lying 
prone it was difficult to adjust the mask from the alert pasition of the 
c’arricr without undue exposure of the body. The side satchel was hence 
(h’veloped. U.sing a longer corrugated tube it %vns uimeccssury, with 
the side satchel, to change its position before adjusting the mask. 

POSTWAR DEVELOPMENT 
The Gas Mask 

iSince the war, development work on gns masks has been mainly 
^lirected toward furtlicr improving the “1919 Model “ Army .service ga.-* 
mask, brought out at the end of the war, and toward provj<Hng ad<liti(HJi»l 
tv|x?s of sjiecial masks needed for certain troops who have s)>er*ial duties 
to perform, sueh aa coininunk’Uting mes.SHges over telephones (tli<* diu- 
pliragm musk), observing through optical instruments (optical mask), 
:uiil piloting airplanes (aviation mask). 
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Our postw’or mask-development work has been based upon eertain 
practical requirements which control the design of the mask. These 
requirements may be summarized as follows: 

1 . Tl^c jnasik must protect against all chemicat-warrare agents. 

2. It must have a low breathing rcaistance. 

3. It must he light in weight. 

4. It must he comfortable. 

5. It must he simple in design, easy to operate, and repair. 

6. It must not interfere greatly with vision. 

7. It must he mgged enough to withstand field comlitions. 

8. It must be reasonably easy to manufacture in quantity. 

0. It must not deteriorate appreciably in storage for at least several year*. 

10. It must have a service life in the 6cld for at least ses^cral month*. 

The ideal gas mask is one which affordn complete protection against 
all known toxic gases. Theoretically such a mask is possible but it can 
not at the same time satisfy all of the practical requirements listed above. 
Thus, the requirements of maximum protection, low’ breathing resistance, 
and light weight, are essentially opposed, for protection varieR directly 
with the amount of chemicals used and the capacity of the mechanical 
filter. But the more chemicals used and the larger the filter, the heavier 
the canister. Similarly, low breathing resistance requires a large super- 
ficial area for the filter w'hich in turn increases the size and weight of the 
canister. 

Again, if the canister is made small, the chemical filling must be 
reduced, which low'ers protection, and the filter must be made smaller, 
which incrca-ses breathing resistance. Hence the military mask is a 
compromise, embodying an optimum balance among the ten require- 
ments indicated above, particularly the first three. 



In addition, the Army service gas mask is designed to protect only 
against s\ibstanccs suitable for war use os chemical agents. This should 
?H' thoroughly nmlerstmvd and the military mask should not be relied 
u|K>n for any purjKiscs other than those for whicli it is intomh’d. 

The Camstku 

The canister of the military gas mask is the means by which chemical 
agents pn'sent in the atmosphere are removed from air before it is 
lii*<’ath<’<l (sc’c Fig. 117). It consist.*^ of three principal parts, vis., a chemi- 
eal container, u.sually made of sheet metui and provided with air inlet 
and outlet openings; a filter for the removal of solid and liquid particles 
by moehaiiieal filtration; the chemical filling for the disposal of ga^ by 
physical adsorption, chemical neutralization, or by a combination of 
these pnwesses. 

.\s an integral part of the mask the canister itself must wiiform to 
tiu* general re<iuireincnts listed above. These requirements impose 
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decided limitations upon the number of materials or substances w hich 
may be used as components. The material used for the mechanical 
filter must be sufficiently dense to hold out the extremely minute solid 
or liquid particles of which the irritant gases and smokes are constituted. 
These particles, it may be said, are 
so small that they cannot be seen 
with an ordinary high-powered 
mieroscope while even w*ith the 
ultramicroscope they are only 
^•i.s^blc as point** of reflected light. 

On the other hand, the filter 
material must not be so dense as 
to impede unduly the flow of air 
through it- The chemical or 
chemicals used for the removal of 
gases must be highly jrorous in 
tirder to provide within small .space 
a relatively enormous absorbent 
surface. They' must not react with 
each other or corrode their metal 
container. Their effectivenca« 
inxist not be appreciably lowered by 
exposure to mr of high humidity. 

They nmst remove tliC gas very rapidly since any given imrtion of 
inspired air is in contact with the canister filling for but a fractional part 
of a second. They must have the capacity to db^pose of large amounts 
of gas since the canister cannot l>e frequently’ replaced. They mast be 
fairly cheap and available in great quantity. In turn, they', as w<fll 
the filter, must not cause high breathing re.sistance. 

The only" single sub.stance which approximately fulfills all the require- 
ments of a chemical filling for gas-mask canistcis U activated charcoal 
ill the form of small granules. Generally .speukii^g the l>est charcoals for 
this purix)se are made from very dense raw mate rials. The most satis^ 
factory material found during the World War for canistt^r charcoal was 
eocoaimt shell. Various nut sheila, fruit stones, ami other subst anc<s.s. 
however, were also used. Since the war, improved mc’thods i>f manufac- 
ture iiave made possible the use of more readily available materials. 
Charcoal b a highly' j>orous substanee cousi.'ting principally of carbon 
which b made by the carbonization of organic matter. As such, it is 
called primary charcoal By subjecting primary charcoal to a certain 
process of heat and steam, called activaiion, the property of adsori>tion 
of gases, which primary charcoal possesses, is greatly increasf^l. 

When gas-laden air is passed through activated charcoal, the moleeuh*s 
of gas are attracted and held phy.sically on the surface of the pores in the 
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charcoal granules, the purified air passing on through. This process of 
removal of the ga.s is called adsorption. It may roughly be compared to 
the action of a magnet in attracting and holding iron fillings on its surfaciL 
Aetivated charcoal which will adsorb half its owm weight of toxic gas has 
l 3 ccn made on a large scale, w'hilc charcoals have been made in the labora- 
tory w hich will ad.sorb more than their own weight of gas. The principal 
deficiency of charcoal as a canister filling is that it does not hold teiia- 




Inlet vaive disk 
Fxq. 117. — Gas-mask canwier (sect ion hUkkI). 
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ciously certain highly volatile acid gases, notably phosgene, but gradually 
releases them to the passing air current. This deficiency is compensated 
tor by the use of another substance mixed with the charcoal, sodn 
lime. 

Soda lime is a mixture consi.sting of hydrated lime, cement, kieselguhr, 
stKlium hy<lroxidc‘, and water in various proiwrtions according to the 
tormula used; there are several. Gases, which the charcoal does not 
ht)ld firmly by adsorption and which are gradually given off by it, are 
caught by the soda lime, with which they enter into chemical combina- 
tion. After continued exposure to certain gases, such as phosgene, a 
gradual transfer of the gas to the soda lime takes place, thus leaving the 
charcoal free to pick up more ga.s. It may therefore be .said that the 
principal function of the soda lime is to act a.s a re.-^ervoir of large capacity 
for the jMTinanent fixation of the more volatile acid and oxidizable gases, 
while the charcoal furni.shes the required degree of activity for all ga.ses as 
well as .storage capacity for less volatile ones. 

Another rea.son for the combination absorbent is that, while a rise in 
either temperature or humidity causes a decrea.se in the adsorptive capac- 
ity of charcoal, .such conditions increase the reactivity of the soda lime. 

The canister of the pre.sent military mask contains a mixture of .soda 
lime and specially prepared charcoal as well as a highly efficient mechaiii- 
ral filter. It can thus be relied uiwn to give full protection against any 
ga.s likely to b<‘ encountered in the field. The function of the different 
components of the canister as regards the ])rincipal war gases is set forth 
below. 



(la« 

Bruinbeii/.yl cyanide 

('Ill rpicrin 

Cyanoptai chloride 

Mustard gas 

('IdoracctophciuiiM* 

('IdoriiK? 

Pho.spcnc 

Diphosgone 

Hydrocyanic acid 

Lewisite 

Dipheny Iclilorarsine 

Diphenylandnwldorarsinc, etc 



Neutrnli/iiig .\gcary 
Charcoal 
Charcoal 
Charcoal 
Charcoal 

Charcoal and filter 
Charcoal-aoda-lime mixture 
Charcoal-soda-liine mixture 
Charcoal-^dn-limo mixture 
Charcoal-Hoda-limo mixtun* 
Charcoal-aoda-liine mixture 
Filter 
Filter 
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It should be impressed upon all concerned that the canister provided 
with the jnilitary gas mask is for protection against chemical warfare 
jigents only. There are certain toxic gases unadapted for war use which 
may otherwise be encountered, especially in industry. The principal om*s 
are carbon monoxide and ammonia. The Army canister does not protect 
against these ga.ses and should never be relied upon for such ptirpose. 

Carbon monoxide has neither odor nor color and a person subjected 
to a .sufficient concentration of it loses consciousness without warning. 
Being lighter than air, high concentrations of this gas are generally limit<»d 
to enclosed spaces. A.s it is one of the products of combustion of wood it 
is i!i variably present in burning buildings. Hence the military gas- 
mask canister should never be used in fire fighting. Carbon Mon- 
oxide is al.<o present in automobile exhaust gas, in natural gas, artificial 
illuminating gas, blast-furnace gases, mine-explosion gases and in the 
ga.ses resulting from the burning of .smokeless powder in artillery. 

Repair or rescue work about refrigeration jdants and other places 
where there i.s leakage of ammonia gas should be undertaken unth the 



military gas mask. 

It should also be realized that the military gas mask does not supply 
or make air or oxygen and hence should never be used in an atmo.si)here 
deficient in oxygen. Tunnels and shafts of mines tolh>wing an explosion, 
the holds of ships, and tanks and tank car.-* containing volatile liquids 
are places likely to be dangerous in this respect. 

It should further be understood that the Army service gas-mask can- 
ister is not designed to protect agonist concentrations of war gas greater than 
1 per cent by volume. It is most unlikely that concent rat iojis as high 
as thi.s will be encountered in the field. However, such concent ratioits 
may be found in the immediate vicinity of the explosion of the gas .shell, 
for instance in a dugout when a shell bursts in the entrance to it. As 
.-idditional i)recaution men, even though wearing masks, shotihl move 
<juiekly from the immediate vicinity of the exi>losion holding their breath 
while so doing, Dangerou-sly high concentrations may also be <mcoun- 



tertnl through leakage in changing the valve on a cylinder containing a 
<'hf*mical agent liquefied by pres.su re, or in a tank containing a volatile 
solvent such as gasoline. 



The Aiimy Service Gas Mask 



The ga.s mask now provided for the Army is known as the Service Gas 
.Mask (.stH* Fig. 118). 

The ])rinciple ui)on which the ga.s mask functions is the imrification 
of inspired air by removal of the gas or smoke. Perfect fit of the fac«*- 
pi(‘ce is de|xmded upon to insure that only air which passes through Wiv 
canister is drawn into the lungs. The ma.sk consists of three main parts: 
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I- lOibbor mnr>k. 

2. Hnrnpi«i> aitachment. 

Htfiid hnrnewi. 

4. T.> nn. 



0. Anitiv tube. 

7. Outlet vsilve. 

S. Outlet vulvf* guurd. 
9. nefleelur. 



Flo. 118 . — ,\rmy Sciw-ico Gas Mask. 



10. Hoee 

11. CitnitiTer. 

12. Carrier body. 

13. IJft-t hr-dot fHMtelier. 

14. Rivet. 

1 . 1 . Chape 30*. 

10. Chape 4.5*. 

17. Strap lo<v, 

18. Eye clasp. 



19. Hook clasp. 

20. Shoulder strap. 
>21. Body strap. 

22. Upper cun strap. 

23. Lower can strap. 

24. .Antidim set strap. 

25. Antidim set. 
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the facepiece, the canister, and the hose tube. The mask with the carritT 
weighs 5 lb. 

The facepiece is made from molded-rubber blanks of approximately 
the correct size covered on the outside by a thin layer of cotton fabric 
called stockinette vulcanized to the rubber. The facepieces are cut out 
from the face blanks to exact size and shai>e by means of a die. These 
die cuttings are then folded, and two short edges are sewn together by 
a siieeial zigzag stitch and taped with adhesive tape, thus forming a gas- 
tight seam at that portion of the mask which fit.-i under the chin. 

The eyepieces are made of two layers of glass separated 1>3' a thin 
layer of celluloid. Even if struck a sharp blow and badlj' cracked thej' 
will riunain gastight and will not splinter. The lens are held in tlu‘ 
facei)iece by detachable screw-on type retaining rims, so that they may 
easily be replaced. 

When adjusted, the facepiece is held in place by an elastic head har- 
ness. The harness is made of .strips of elastic tape* held together in the 
center by a thin oblong piece of felt called the head harness pod. When 
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the heiid hariiesa is worn out a new hariies?j c-tin quiekiy be attiidied to 
the ivtaining buckle^j wlueh are s<’wn to the ineepiete it,seLT. 

Attached to the facepiece jvifit above the chin ^eam is a metal casting 
called ttie angk tube. This tulie has two passages^ one coi inerted with 
the hose tube for the passage of iniialed air, the other attac hed to the out- 
let valve is for the jmssage of exhaled air. 

The outlet valve, protected by a metal guard, is made of rubber. It 
is a simple but effaidive device which allows the exhaled air to j^ass out 
of the facepiece but otherwise remaina closed, yjroTuting any air from 
being drawn into the ma.sk through the outlet [portion of the angle tube. 
Inside the facepiece and connected to the airdniet portion of the angle 
tube is a butterfly-shaped tube made of rubln-r. It is known as the 
dqrfidor, its purpose being to deflect the incojiiiug diy' air acio.ss tlie 
ey(?pieeos. This prevents the condensation of moisture from the breath 
on tlie glass .surfaces, AVithout this de^ iee the eyejnece.s wtaild soon 
become so fogged or dimmed that it would be iuipussible for a man wearing 
the mask to see. 

To insure proper fit for any si;ie or shape of face, faciqneces until 
recently were furnished in a range of four sizes. A universal faee piece 
designed to fit any face has now been developed and is being supjdh'd. 
This greatly simplifies the problem of fitting and also of sQ^jply. 

The canisUr (see Fig. 117) is an oblung-shaiK?d metal box, pauitc'd 
olive-diub eolor, and containing a combination gas and smoke filter. TIte 
filter consists of an oval-slmiicd perforated sheet-metal rontjiiner filled 
with a mkture of 80 tier cent activated ebarcoa] and 20 per cent soda lime. 
The outer surface of the diemieal eoutainer is covered witli a material 

oTiO 

which filters out irri taut -smoke particles. Inspired air enter,’! the canister 
through A one-way valve in the bottom enlled the inht mV, From therfs 
it is drawn first through the smoke filter where solid and liquid particles, 
if present, are separated out. The air then passes to the interior of the 
chemical container where the toxic vapors are adsorUsd by the elmreuai 
or neutralized by the soda lime. The |juri- 
pa^sses out of the canister through a 
mctal-elbuw fitting at the co mice ted to 

The tube (see Fig. 118) is a 
gated tube of rubber covered with stocki- 
nette. It serves to conduct the |iurified air 
r^l from the canister to the facepiece. The 

eornigatioiis of the tube prevent it 
collapsing or kinking ami thus shutting off 
1 '' r flo\A' of ail'. 

I Tifc3E3l^ corner (si’e Fig, 118) is a somewhat 

B irregular-shajMal satchel made cif oLive-ilrab 

H eaiiviis provided with adjustable shoulder 

and waist straps. It is carried at the left 
E ^ side, uJider the arm, the shoulder stra[j 

B 1 t : fitting over the right .slm aider. The uijeiiiug 

■ II [i covered by a flafi hehl in pla<e by snaf^ 

bJI fasteners is at the front. The carrier not 



facepiece, a metal part cofitaining iuJot and outlet air passages ajiil also 
a ^seating for a diaphragm is empioi-cd. This metal piece, in addition, ha.-i 
two air-deflector tube.s leading to the eyepieces which serve in lieu of the 
rubber deflector in the Army service ma.sk. The voice transmission 
diaphragm consists of a thin disk of fabric treated with bakclitc. It is 
held in place and protected by a j>erforated metal di.sk. For Army use, 
this tyiie of ma,sk is applicable for officers and for telephone ojv'rators. 

The Diaphrngm-^ptical Mask is designed for use by nieii whose dutiPH 
I'cquire them to use optical instruments, such as range finders, teles eojH-s, 
etc. For this purpose, the eye of the observer must ho brought up into 
close and definite relationship to the observing ojjtical iiistriiuient so the 
eyepieces of the mask are made small and an- held in rigid though adjust- 
able relation to eacli other and to the eyes of the weann-. 

Aa observers requiring optical masks lia’i e also to traiLsmit obserA cd 
data by telephone, the optical mask is equipped \vitli a stK’cial .sound- 
transjnittiug diaphragm, similar to the 
Diaphragm ^lask, and, since it em- 
bodica two special features, it is clesig- 
nated as the DiaphraginMiptical Mask. 

The hose tube, canJstcr, aitd carrier 
are Ibo same ss tbe Anny sit vice gas 



Ox VG EX-UR EATHIXG ArPARATtfS 



Since air-jnirifyiiig canisters on 
masks are effect i> e only in 



Anuy ga: 

atmospheres containing not over 1 iser 
cent of toxic gases, they du not furnish 
adequate protection for certain per- 
sonnel whose duties require them to 
cjiter or n’main in eloseii plai’i’s where 
higher toxie eoncentratioii.s may accu- 
mulate. To protect such sjxrial jter- 
sonnd (only a very small fraction of 
combat troops), nxygen-brea thing 
a p I >arat u s i.^ rv^q n ired . Sue h ap | la rat u,'! 
is currently used in mine rescue work and ii 
in industjy' whei'C higli ttixic conceni ration: 
militarv use, the most suitable types of cum 



1 20 . — Oxy ipreTi-hrcalh in ie r epa ta tus 
CernTimc'rrinl 



tbe service mask with an oxygen-breathing apparatus and proWde a 
two-iA'ay valve so that either the ser\ice canister or oxygen may be u.sei.1 
as the situation requires (.see Fig. 120). 



The Horse Mark 



'J"he horse mask (Fig. 121) is a dmi(’c to protect the respiratory tract 



Special Mabks 

The Diaphragm Mask (Fig. 119) is csvH'cially designed to meet the 
rtHjui remolds of ]>crs<miicl fif the Army whose duties make e:Lsi- in talking 
essential. The ma.sk is identical wUh the service mask except for the 
fa{'e|)ie(M? which includes fl dia]diragm to facilitate the trunsnus.sion of the 
snund of the voice. Instead of the angle tube as used in the Army service 



piG. 1 2 1 Anipri r?i n liorBP itt jH>siMon (World Wnr tjlwV 
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nf a hoiw or imiJe from lung injurants* It is a bag made of layers of 
Hkm'sp doth (related with chemical which neutralize the gas wlien air is 
hroatliod through it. 

As horsCF* and mules never breathe through the mouth and ba tiieir 
eycft arc not seriously affected by lacrimators, tlie mask covers the nostrils 
and upper jaw of the animal only. 

The nii'mk is provided with a canvas or leather pad whieh fits into the 
iinimal’s mouth preveuring him from luting thnuigh the mask; a draw- 
string to insure tight fit of tlie hag over the npin^r Jaw; a simple head 
liurMesj< whieh fits ovrr the hiW mid ears amt is retained m place by a 
throat lateh. When not in the mask H carrii'il in u waterpr<>nf 
hurbp bag, whieh hangs under the lower jaw, attached lu the halter. 

To adjust the mask slip ilic moiithjui've pad well into the mouthy the 
ii|MTi end of the bag covering the nostrils; adjust the liead harncRs over 
I he head: fa*sfen the throat latch* The drawstring should l>c tighteiiwl 
so that the edge of the bag fits tightly over the upper jaw scleral inches 
above tiie nostrils. 

oiWI 

Home masks are primarily for protection of draft animals required 
for work through gas-eontaminated areas* The mask greatb' impedftp the 
flow of air to the horse’s lungs. As horses doing heavy work or nmning 
require a large volume of airj they should be given frequent rests v-hilc 
at work wearing masks and should not be required to run. 

The Doo Mask 

The dog mask is somewhat similar to the hori^e ma^^k, excc]>t tiiat it 
(Hjvcrs both jaws as well the m^strils, since a dog breathes thixmgli 
both nose and mouth. As dogs aie not used in the American Army, dog 
masks are not authorized. 

The Piceo\ Mask 

Impregnated flannelette bags are provided for protection of pigeons 
used in war. The dimensiour! of the bag are 15 by 15 by 24 in* and it is 
designed to fit over the pigeon cage, the ot^en end being drawn lugetiici- 
tight ly at t he to]! by means of a drawstring* When for auy reasijoii jiigtHiiip; 
cannot be protected they should be released at ouee. 

Use of the Gas Mask 

Gas mask^ are now made in but one (universal size which has l>een 
N]«'ciaJly designed to fit any Tyjie of face. The facepiece is made liig 
enough to fit the largest face, on the princi(de of a flexible conical cap. 
It can be adjusted to fit smaller faces by emering the face further into the 
mask. The urdverBgJ facejiiece has been extensiv'ely tested and has bet^n 
found to fit all sizes and tyj>es of faces to date* If subsequent ex[>erience 
ahould show that certain unusvially variant types of faces, esjwcialiy very 
smaUnsiaed faces, cannot be fitted with the UDiversal faeepicec, an addi- 
tional smnll-.size mask will also he su])]>licd for such ca.ses* 

The World War ty|>e of mask with its uncomfortable nose clip an<l 
mouthiiiece had a double line of pnitcctiuin Projier fit of t]ie facepiece 
was hence not vital as it i'^ wil h the jweseut mask. As the integrity of the 
pmsfuit mask dej lends u|aiii jirojier fitfiug, its imjxjrtant'e c mi not l>e tfio 
si n itigly empl lasi ziri . 

There are two test.s for U idhig thv JU of a mask. 

The auction tvd gives a gmiil indication of the fit of ilu‘ nia.-^k aud 
should invariably Iw ap]iUed during the fitting procedure. It consists of 
three dteps as follows: 

1. Adjusi the nuuik to the face. 

2 . Exhale fully* 

3 . Pinch the corni gated tube tightly and inhale. 

The facepiece should now colla]ise lending to cling to t lie face and tlie 
wearer should he unable to breatlic. If the vacuum lliu.« formed inside 

5fi4 

the facepiece breaka and air ia felt to stream into the ma^k the fit 
defect ive* 

The only conclusive test of the fit of a gas ma.'ik is to test it in n gas 
atmosphere. This test h best carried out in a gas chamber. 

The gas chamber is any rqom or other enclosed apace in which a gajj 
concentration may be act up and maintained by introducing a dicmical 
agent readily detected at low concentrations {lacrimators arc most 



frequently used). After fitting \rith masks and testing them by the 




Ti o. 1 2a,— To a \ i ii»c t he miiak . El) Posit ion at i Tid ‘ ' B1 inn*' (21 ^ f Iv 

s1«niiapr fllhiK iiehiml iW Wd nod over the fhcnMdpt &i The connotiml ' 

taj Fn:ite)iinK tl'tr mid rlnup ui|ti''her. 



sucthui lest descrilK'd iihuvo, the masked uii'u sire luarehcd iulo ihe git> 
chamber iu siiiali groii|is: of fitiin leu lu Iwciuy uikI remain in Ihc g+is 
c'lmcditratimi fur u fi'W iiiimitc. If llif fiii-qiifir iliK'. iml fit (unuptly, 
ur iH udjuwtdi iiiiiirt)i)(.'r!.v, Bivniiiig h eIv™ in tin' jsa.- fiiaiiihcr without 
any more serious effect than ii moment arj^ irritatiun. 



Gas-mask Duill (17) 

Preliminary drill is eondneted *‘by the iinmlier,'*" in order to develop 
proficiency iu proper adjnstmcnl of I he ma.'^k. Proficiency in this drill 
is then followed by practict' without tin- numbers to insure as C|uirk an 
iidjuslment as possible, and also to give practice in holding the breath. 
Att a nde, cartdul adjust meijt is mure esseiilial than great sjieed. 

555 

Mask DrilL ( 1 ) To Slittg the Mask. — 1 . Sling, 2 , MASK. Ai the 
command "Sling,” gro.sp with the left hand themcial hook, whieh is near 
the flap of the carrier, above thefwosnapfiisteners,at the Bam c time grasp 
ing with the right hand the metal clasp at the extremity of the shoulder 
sling. Hold the carrier wai.st high in front of the body with aide contain- 
ing snap fasteners next to the botly (Fig. , 

122 - 1 ). At the command “Mask,” extend 
the left arm sideways to full length* At the 
same time pass the shoulder aiing }>e 1 iJnd tiie 
head jtnd over the rigid shoulder with tlic 
right hand (Fig, 122 - 2 ); then Ijring the two 
I lands togctiier across the chest and fasten the 
I look and clasp together (Fig* 122 - 3 ), Adjust 
the carrier snugly under the left ann pit. 

Pass the waist strap around the waist and 




Fio. l29.^Mult in ilun^ 
jHDsitiDiu (Th# pack it put on 
jificT tilt? iiia^k it ilun£. Th.' 
trfi frcHU Ftrsip of purk i* 
jM]:ipprrl Iv cutTrtilf!!^ bcll mVT 
the jfU4 iHJisk.) 
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fadteii together in front (Fig. 123). 

(2) To Adjust the Mask. a. Dismounted . — 

't'he headpieee adjuf^ted \i ith strap under the 
chin. 1. By the numberSj 2. GA3. Stop 
Itreathing. Place rifle (if mi.skmg) bct’iveeii 
kn«^ so that butt w off the ground; with left 
liMiid open flap of carrier; plar^e fingers of left 
hand on eliin above the chin strap; T\-ith the 
right hand knock off hcadpicee from beliind 
(the headpiece being caught on the left arm 
by the diio strap) and continue the doTiiiward 
movement of the right hand unth the latter 
is on a level Tvith the opening of the carrier. 

Thj ust the right hand into the carrier, gras]v 
ing facepiece between the thumb aod fingers 
just above the angle tube. Gi’aap the flap of 
Tlie carrier ivith the left hand (Fig. 124-1). 

TWO. Bring facepiece smartly out of carrier lu height of chio, hold- 
ing it firmly in both hands with the Angers of each extended and joined 
outride of the facepiece, the thumbs inside, midway hetneen Ihc two 
lower straps of the head harness. Thrust out the chin (Fig. 124-2). 

THRivF. Bring the faccpin<-f^ toward the face, dijgring the chin into 
it. With the same motion guide straps of the harjicas over the head 
with the thumbs (Fig. 124-3). 

FOUH, Feel aruLUvd the edge to make sure the faci‘piet'e is well 
seated (Fig. 124-4). See that head harness is correctly adjusted. 

FIVE. Close ottflet valve by pinching between tlmmb and fingers uf 
light hand to prevent passage of air through it and bhiw vigorously into 

55f) 




a> m 




(3) (J) fS) . 

Fru. — To ndjuit The fmcopioce hy' the mimticni. (t) Position at tbs Fomnn^no 

GAS. pMition at the Hnninnnd TWO. (3} Position al the eommand THREE. 
Podtinh at the comniand FOUR. (3) Poution at the command FIVE. 
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the mask, completely emptying the lungs, thus clearing the facepirrr of 
gas (Fig. 124-5). 

SIX. Replace headpiece, atljnsting the chin strap to the back of the 
head. Pass the flap of the carrier around the hose &nd fasten on the 
outer snap fastener. Take the poisition of 
Trail arms^' (Fig, 125). 
i>. Mounted, — 1. By the uumberH, 2. GAS. 
Stop breathing. Drop the rein a behind tlie 
pnommel of the sadiile. Continue as preacrilHHl 
for the dismoimtf^l drill. Ha^'ing fastened thi' 
flap of the carrier around the ha^e as ]Jivscribc<i, 
take the reins. 



Fro. 12 S.— The mii#k ad- Ftu. 126 .— PoftticTU In teatme; for Efts, 

justod to thci loiic. (DuiinK (Kneo or rquipnieiit siioiild not tourh 

tl]^ di-ii! no iHiiiiimiaiit ehouid the Ernum:!.) 

tourh the Eraund. ivhirh miEht 
)v I'Oiitiiminatad by' a liquid 
apenT.I 

(3) To Test for Gas . — Mask being adjusted, the command is: TEST 
FOR GAS. Dismount if mounted. Take a niodcralcly full breath. 
Stoop down so lis to bring the face rlose to the gtound but do m4 kneel, 
cai'e l>eing taken that the rifle does not tm*cii the ground. Insert two 
finger.'! of right hand under facepiece at rigln cheek. Pull the facejnecc 
Klighlly away from rigid cheek and sniff gently (Fig. 126). If gas is 
Htnidlcd, rt'adjust the facepiece and resume the erect |>ositiun. Close 
outlet valve by pincliing between thumb and fingers of right hand and 
blow out hard, thus Hearing the facepiece uf gas. Release hold on out lei 
valse. 

1,4) To lirmovf (hr Mask, — ^^1. Remove, 2. M.4.SK, At the cunimaiid 
Remove/' dro]i the reins liehjnd the pommel of the saddle if mounted ; if 

55S 

diflmounted place rifle, if unahmg, between knees so that the butt is off 
fhr ground; bend forward smartly and insert the left thumb under (he 
pad of the head Uarnesa; grasp the headpiece with right hand (Fig. 127-1). 




CD (Sj 

Flo. 12T. — Tu Tcmpvo tbe mittk. (1) Pociliun at llic irtmimmrrl Pi7,*irinii 

ut Ihr rflmmiiiid " MitAk." 
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At the command “Maak/' lift the headpiece with right hand Bufficiently 
(0 remove liead haruesii, which is carried a\^cr Ujc head with a forward 
i-ircuJar motion of tJie left hand stretcliing the niastie fabric only enough 
to allow tijc head harness to pass o^^er the head. The mask ia retained 
by the thujnh and forefinger of the left hand and held in front of the body. 
At the same time leplace headjilcf^ «ith right hmid (Fig. 127-2). 

(5) To Repl<i4:e the Mask. — 1. Re]) I ace, 2. MASJv. At tlie command 
* Replace,'^ grasp the facepiece in right hand, palm u]i, ainl hold with 
'*dges of facepiece turned upward, the fingers under the h‘ft eyepiece and 
thumb under the right eyepiece. With tlie left haml, idacc In'iid-liarncH^ 
[>ad iti.side the facepiece just above the eyepieces. With left hand, open 
flap of carrier (Fig. 128). At the command “Mask,” feed and slide the 
corrugated tube into the bottom of the carrier with the left hand until 
the angle tube has passed the carrier entrance, then, with the right hand, 
turn the e<lgcs of the facepiece toward the back of the carrier and push 
the facepiece into the upper empty part of the carrier about the hose- 
M ith both hands, fasten the flap of tJie carripr on both snap fastcncT^, 

The top of the flap on the inner or rear snap fastener. If mounted, tokc the 
reins, if dismounted, take position of “Train arms.” 

(6) To Unsling the Mask. — ^1* U ns ling, 2. MASK. At tlie command 
■‘Mask,” unfasten the body straps with both hands and then the ^limuldci 
?itrap with both hands. The mask is retained in the left hand by gi usplng 
the metal hook of the carrier just above the flap. 

(7) To Prspafe for Mask Inspection . — The mask being in the slung 
{x>sition, the command isi PREPARE FOR MASK INSPECTION. 



Fin. 12S. — To thu maik. PoiltJorL Pig. 129. — To prep^K the mask for 

nt iho *'KfpLaue." inip&ction. Pnaiiion nt the coiuiniijiii 

"Frepnre for Uiiusk iiisiteetion." 

Place rifle (if uiislung) between knws so that hntt is off the ground. 
CnsUng mask. Oix;n flap of carrier and take out cnmplotc mask, 
iucludmg canister. Hold carrier in left hand and canister, with face|iicci! 
hanging downward, in right hand (Fig. 129), 

(8 ) M ask I mptviiofi bi/ ike X u m btrs .- — Bej n g pit »pa red f or mn s k i ii sj 
tioiii 1. By the numbers, 2. liisiM'ct, 3. !MASK. Fnv right hand by 
holding canister in left ann pit, the hose and facepiece hanging over h]jiht 
left arm (Fig. 130-1). Examine the sling and the exterior and interior of 
the carrier in turn to insure that there are no defective or missing parts; 
that all parts are .securely fassteued in place; that the body of the carrier 
eontaina an antidiin tube and b free from holes, tears, and rips. 

TWO. Fa.sten the hook and clasp of the shoulder sihig ttigether, 
Slip the left arm through the sling mid allow the carritT tn hang from 
over the left shoulder, at the same time removing the musk i herefrom hy 

MO 

grouping the canister with the right hand (Fig. 130*2). Examine the 
ennister for rust spots and weak places by pressing lightlj’' with the fingers, 
U^ginning at the bottom and working tow'ard the top; ace that its contents 
do not rattle on shaking; see that rain shield is not loose and that the 
inlet vah es are present. 

THREE. Adjust the mask to the face. Then pinch together the 
n alls of the hose just above the canister noisle and inhale (Fig. 130-3). 




CU m (.1) 

Fig. lao.— Miitit inxpi>rtioii ijy thp nunihrrs. (1) Pmilibii nt (hi* f-cmimnnd MASR. 
i‘2) iJic run later ut iht rommnnd TWO, (3^) Tt*atinj; hiT at the cnminaiul 

THREE. 

If air can be drawn in, a leak b present, and iti^ njiproxiniarc I neat ion 
may Ik* determined as follows: Pinch tlie walls of I lie huf*t* together at the 
angle tul>e. If a leak is no longer detctueil on iiisjiiration, the leak U in 
the liortts otherwise it is elsewhere. This iiispeiUion i.h nut cum*! usi\ e as 
to the absence of a leak in the hose, and such a leak will be dt*tcrmincd 
hy the minute inspection iiidicated below. If the leak is found not to he 
in the hose, then pinch together the outlet valve at the angle tube and 
also the hose. If the leak is no longer detected on inspiration, the leak 
is in the outlet valve below where it was pinched; othenviso it must be 
above this point or in the facepiece. Having defemiincd the approximate 
location of the leak, or its abseuce, next examine the hns(* for ob\ inus 

5ftJ 

(earK, punctures, or other defects. See Uiat it is properly connected to 
the canister nozzle and to the angle tube and that liie adhesive tape oi'cr 
the binding wires i.i jircsent and in gr?od condition. 



FOUR. Examine the outlet valve for tears and pinholes by distending 
the rubber betw een the fingers (Fig. 130*4), Look especially for piiihole?^, 




(41 ffi) 

Fig. laO. — Mnmk hnjrfrtifln by fhc nutnben (41 lriM>prMnE fnitlrt 

II nd pinrfl nt thv ruminnitd FOUR. (51 Imtawiiog tbe ffifetjiecp jiI the l■unlIUllHfl 
FIVE, (fil tn:i|>cr‘tiii| (he hend hBrnew nt th<- rfnnnumnl !^IX. 

just lielnw where tlie mulct valve is joined to angle fidu*, and for tears 
around valve of>enmg. Sec that valve has no dirt or sand in it and that 
it is prnt>crly eonneited to the angle tube. Sec that fbc binding win* is 
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pmjMTly tujUHL Etv that ourlH-valvo jtuarrl in nut Itnisr, 

FI VI'. Examint' uf fuf-opirf-e for tc^ars or oihrr ilainafzf to 

'it ( >f'ki 11 c>! t o , Sov 1 1 ) at « n jrl t' n 1 1 K ' ifi j )i f ijn^rl y con n cr t f *<i t o f ai'p p i i -p ^ vi t h 
mhlirr Imiid sumnmdinp tlip bhidinp. See that the faline lia.s not torn 
or pulknl Juo-^e around the eyepiece framee. Examine the (diin pemii and 
see that it if= in pood condition and properly taped irts^ide and onti^ide, 
Examine the inside of the face piece for pinholes (Fig. 1 30 - 5 ) . See that t he 
deflector is in poo<l condition, properly connected to the angle tnlipj and 
properly cemented to the sides of the facepiece. Test the entire facepicfr 
fabric for suMness and pliability. 

SIX. Examine the head harness (Fig, 130 - 0 ). Make sure that it is 
coMjtileti!, that all its parts are properly attached, ai^d that they are in 
a serv iceable condition. 

SI'VX KN. All men with defeetive masks step forward one pace. 
Others replace iimi«k in the carrier, taking care to replace canister and 
faccpictr in proiw?r position (Fig. 131 ), 



Care of the Mask 




Tlie impoi tancp of care of the mask, guarding it esperially agaitL’<t 
moi.stiuc iind rfiugh handling, should be im]>ressed upon troops. They 
should be made to understand the caus<^s of 
deterioration of gas masks and w^aJiHi that a 
defect ii'e mask affordn no protection. 

Excewsiv'e and jirolongcd 7?ioiii/«re causes 
general deterioration of a gas mask finally 
i-endering it useless altogether, Moisture in 
the canister materially n'thices the adsorptive 
jmw'cr of charcoal and is likely to result in 
caking with the oi>e]iing up of large air passages 
through which the g^ts will freely flow owing ti» 
lack of sufficient contact wdth the aiisorbents. 

^Moisture caiis(?s rotting of the stockinette 
and deterioration of the nihher itself. Thc 
conugated tube, flutter valve, and head harness 
are likewise affected. When the facejiieee of a 
ma.sk becomes wet and the mask is put away 
witliout (■areful drjdng the rubber tends to 
crease or take a pennatinit nrl so that it wdll no 
longer fit closely to the face. Othi'r effects of 
moistinv are deterioration of the adhi-sive tajx", 
rusting of binder wiii's, and separufion ami 
mildew' of the eyepiece. 

Tiu UU.— Ri'iiliiWng the If a mask has Wen used in the rain or has 
rcinisTPi- in iiiv p rkri-icf. otlicrwisc become wet, it should he slowiy dried 
in 0 warm irnmi. In no case should it be placed on a stove or near 
a fire as ilir riiblxT will be damaged. 



HiiIiIkt parks uf the mask gradually diirriofttU- with of/c though the 
use uf amiuxuk'iits in the manufacture of rubWr tends to prolong 
life. If cxixjsed to sunlight or heat the deterioration is greatly acceler- 
atcil. Oil is also a cause of deterioration and oil from tiie hands and 
face are likely to accumulate on masks in service use. 

Masks in Morage sliould bc kept in a cool dry place away from contact 
w'ith sunlight, nils, corrosive liquids, or solvents. Packing in airtight 
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contaiiieri so oa to leave a minimiim gmount of dead air space will retard 
oxidation. For long storage, ipasks should be kept in a neutral atmos- 
phere. The method of storage of masks for war reserv e is to pack each 
mask in a separate airtight metal container from which all air is removed 
and replaced by nitrogen. 

\\iien canisters are stored aeparately a cork should be placed in the 
iiozale of each canister and they should be placed in watertight buxt^i. 
C'anisters so stored hare showm no deterioration after eight yeai>. Ii 
iH probable that they can be preserved in this manner indefinitely. 

Canisters of masks used in ImWng drlcrioi-aU' slowly, princi|inlly 
owing to absorption of carbon dioxide from tiie air. Tests, how*cv cr, hav e 
shown that e^“en after several years use many canisters are still in gvnnl 
mndition. As a rule, in training use, other partis of the mo.-<k Invumc 
unserviceable tong before the caniirter begins to break down. The fac(^ 



pieces of masks which arc fn>quently used, if properly carcxl for, hini 
lunger than those left in organization supply moms, A training mask 
.slmuld gi’ve about five year^t* service. 

It is probable that the av'erage life of the gas mask in field servici^ 
will be about six months. This is little more than a guess as it is iiu| 4 o.ssi- 
hie to say what concent rations masks may be exp Wed to in future war, 
and for how long a time. Frequent iiLspoctions should be made anil new 
canisters obtained as required. The World War practice of attempting 
to hav'e each soldier keep a record of exposures sjo as to determine the 
remaining service life of tlie canister is no longer considered practi cable. 
.Assuming new canisters are available there is no cause for appndiensiuii 
in this rosj'iect sini'C, when a canister begins to fail, gases penetrate it at 
first in most ininufe and harmless quantity. Their odor, how ev er, can 
Ijf* detected thus giving warning that a new^ canister should be uhtained. 

From time to lime, masks reported defeetive lia\e been tested at 
I'klgew iK>d Arsenal with the result that in no case a defeetive^ eauister 
found among them. Failure of these masks to protect could Im- trmvd 
to one or several of the follow ing cuust^s; (1) poor fit of faecpieec, 
impriqHT adjustment of faecpjcee, (3) leakage of valve or oilier faiTpii-H' 
defects. All siieh defects should have been detect i-d in ins|Hrti<in. 

The life of the fueepicee of the mask w ill he prolonged if hitritm iMiirdrr 
Is sprinkled frequently over the exposed rubber surfaces. The taleiim 
tends to retard oxidation. Care should exeri'iscd to pjv^eiit the 
]Miwder from getting into the corrugated tube or the fiutter valve. 

There are two types of repair kits, the Mark II and Mark HE The 
Mark II kit is a small cardboard containing a tube of niblier ccmcut 
and a roll of adhesive tape. It ip designed for curnptf^ty iifu- and is for 
minor repairs only. The Mark III kit contains materials, spare jmris, 
and tools for all repairs w'hieh may Iw made outside the fuettny, Tlie 

kit is packed in a wooden box 23 by 10)^ by 7)4 weighs 32 lb. If 

ip designed for issue to regiments. 

A goa mask not ii^ed exclusively by one person should l>e disinfeclefl 
immediately after use. The disinfection may be carried out as follows: 

Material required: Two per cent solution of cresol or rresol llqucir 
< oiu|HJund; several small rags. 

To insure that no moisture will get into the canisiter during the dis- 
iufetrtiuu, it should be ele\^ated above the facepiece by placing the carrier 
c cmtaiiiiiig the canister on a table or shelf wnth the facepiece hunging dow n. 
After di^sinfectlon, the facepiece should be left banging until thoroughly 
tlry before! It in replaced in the carrier. 

Saturate a rag with the disinfectant and sponge the entire Imier sur- 
face of the facvi>iece, including the outer and inner side of the deflector. 
Ai>ply Uisinfeidant similarly to the outside of the flutter vah'e. 

Phur about a teaspoon ful of the disinfectant into the exit passage of 
tljp angle tul>e. Press the sides of the flutter valve with the thumb and 
finger so as to let the disinfectant run out. Do not siiake off the excess. 

Allow all disinfected parts to remain moist for about IS minutes and 
then wi[ic out the inside of facepiece with a dry rag. The ma.sk should 
dr^' timruuglily tn the air before it is replaced in the cariicr, 

Rutvs fur thi? core uf the monks in the hands of troops may \h' briefly 
summarized hh fnllowsi 

]. Keep Liijuik 

2, If cxp(»^) to nioiatiiTc Hrj' mask rnrefuliy before repWing tn earner, 

3, After iLKinic, ppnuf^e out inaidc of fiM'epjci-p with cold water to remove drj' 

thnnmgtU.v, and apriiiklc with lALeuiii pt^wder, 

4, Carry uolliing in earner hut the magL and anUdiiii i^ompuutid. 

ft. Do nut throw jiioak nliont. 

G. Wlicu not in use see thut mask ia guarded agoitiat a likiw or hesvy weight. 

7 . .^Iwuyti rvL)lai-e mq«k properly in rarricT to Avoid kinking ur cmi^iug of i-orm- 
nated tube or ftircpim'. 

8. tiu#|iia'T tli'muigid.v at frp<]aea1 ntTrnlnr innTi'als, 

H. Rejuiir danniav.-^ tn iiniak iiniiicdiiUcly, 

INDIVIDUAL PROTECTION OTiiER THAN MASKS 
PltOTKCTlVE CbOTHiXli 

The gas niiaHk preitccts only the refiplmfor^' organs, ilie eytw, and 
fare. For protection of the body generally against the hlistcriiig action 
of veKieanl agents w hldi either in liquid or vaj>or form will rt'inlily 
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trnte oriluiarj- e Infli, ByMThtl protfctive dotting U rc'quirt'fi. 

Protect JVC clolhiiig is made of tlie so-c:aMed linmvif-oil chiih^ or cotton 
falirie treated \vit)3 vegetable drying oiU. The garmeid iw a roverall with 
eiastics at the and wrists to insure tight fit at these plaei-s and a 
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zipper or other similar fastening in front. A hood is provided to Im^ 
drawn over the head and fit tightly about the gas mask. Protertive 
gloves and shoes complete the equipment (see Fig. 132), 

Protective clothing la for protection against vesicants which nm)' 
come in contact with the body. In the field it is suitable for dccon- 
lainination work and for men detailed to clear passage.^ through contam- 
inatetl areas. It is also useful for men working in mustard-shdl filling 
plants, etc. Once splashed with the liquid 
agent this clothing is very difficult to dean 
and generally must Iw discarded. Great care 
must be exercised in reino\ ing contaminated 
clothing to avoid toudiiug the liquid agent. 

The weai'er should be assisted by aimther 
man wearing both gas mask and prxUccthe 
gloves. D isca rded cout am i nat cd <*h 1 n n g 
should be buried in a pit and covered with 
chloride of lime and earth. 

Protective dot lung vvhidi is iinjii-rvious 
to vesicant agents, such a-s mustard gius in 
cither liquid or vapor form, is also impervjouJ? 
to air. It iiecomcs very uncomfortable alter 
short fjcriofls of wear .since it interferes with 
the Tionnal respiration of the body through 
the pores of the skin. It, therefore, can only 
he worn for a brief period at a tli>xe without 
injury to health. Tlu.s period will var^'' from 
15 to 31) minutes, dc|>cudiiig upon the tcmi>er- 
atiiix* and the amount ol exercise, 

PuOTlXTT’^ n 

The idea of covering (he \hk\v with some 
kind of salve or oint mciit wltich would protect 
it from vesicants was cfuisidcivd and tried 
during the World War. A sulvc called fum 
fioiitf was developed and issued for this piiriwi.se. It was not a sucress 
!Vi jt absorlied mustard gas without dccomtiosliig it. Thus mustard srtoii 
liwnetratcd the salve and came in contact witli tlicho>dy. At the presenl 
rime, little pros[K^ct is entertained fur jiroTection again.st vesicimls by 
(he use of body salvo.s or ointnienta. 

InnxTiKi CATION OF Gases 

Through Sense of Smell. — Development of ability to rttogniite the 
difiercut chemical agents by thini characteristic odors forms an iniportaiil 
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part of training in individual protection. Characteristic odons of gase?^ 
Eire covered in Chapa. V to X on chemical agenta. They are also given 
\*i Table IV and hence need not be repeated here. 

Through the odor, it is frequently poasible to tell whether a gaw in of 
ihe persistent or non persistent type, whether vesicant or non vesicant, 
tinick iicrception of such facts ia of paramount importance in the case of 
nnm detailed as gas sentries and on gas reconnaissance work. It is, 
l]ov^'c\'pr, important that each iiidiv'idual soldfer be able to determine 
such f:ict,s liimseir In war, many cases will arise in which an individual 
will liavc lo ri'ly u]>on his own knowledge. He should be able to dis- 
tinguish gaJf from the odor of powder fumes; to know whether he should 
or should not wear a gas mask; to know whether the substance he auielJs 
is injurious or innocuous. Such knowledge is essential for the intelligent 
apiilication of first-aid measures and for the elimination of fear and panic 
which arise from ignorance. 

Chemical Detectors. — It is recognized that some men have a much 
more liighly dei'e loped sense of smell than others and are hence able to 
detect gas in low concentrations that others fail to perceive at all. To 
eliminate the human equation in detection of the presence of gas, consider- 
ahlc effort ha.s !)eon made, both during the World War and since, to devise 



stmic sort of chemical detector. Such devices as have been produced, 
huwp\ er, hai'p not ]iroved satisfactory. They have either been too com- 
plicated for use in the field by men with no technical training or else not 
sufficiently selective. The International Red Cross Society at Geneva 
iia'^ offercfl a reward of S25,OOU to anyone who can produce a satisfactory 
war-ga> detector, but so far no one has l^een al>Ie to claim tire reward. 
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CHAPTER XX 
COLLECTIVE PROTECTION 
GENERAL CONSIDERATIONS 

Moa.sures of protection agaiiTst chemical agents which a]iply generaily 
Eu a grouii of persons, as distinguished from fho^e measuivs which pertain 
sulely to au individual, are classed under the heading of CoUfditr Frut/t- 
tknij (38) nud comprise the following: 

1. Pnt vision and use of (jaapruof BkeURra wherr i>eivoiin?l may wnrk, At'Kp, resU 
and vat their meals in a. Kas-rrre nhnaBphttre during pa-' nTiarka. 

2. Kvinoval of (jas from eiidostHl epaeea. 

3. D’^t^ontammatkm of ground, bnildinps, olothiim. and fuiiipmoTit. 

A. Prtstetlioii of trcapona bjuI jimiiumhion. 

5. Precautions with reference to fond uikJ waicr. 

II. Provision of a proteirtivc orpanizniinn to sup|jly tmd iiwnt prtnertivv viinip- 
i[uuu, to give wanting of gas ut tacks, ami to snpci visv miitiiinj; of pvrsuoiicl :iiid Tliv 
4 olid net of protective mea^nre^. 

It will lie noted that the measures listed almve are generally uf a 
passive nature* In iwldition to thesr^ there remain certain prut eel ive 
activities uf a tactical nature which arc involved in the handling of tnxjps 
ill couil>al oi>eratiQus. While these are sometime?* included under Col- 
lective Protection, they pertain primarily to the eomhat clcnu-ntii rather 
tiiau to the military force as a whole. Such measures are tinn-ifforc 
coiiisklcred separately in this text under the heading of Tactical Prut vet ion. 

Cullecti^'c Protection applies to all persioimel in the Theater of Oima- 
1 ions wlictlier combatant or noncombatant. Group protective mcasuM*s, 
however, should be regarded as merely supple mental to individual pru- 
n‘d d i on . Tlie f u ndamen t al basis of al 1 gas prot ect ion is stil 1 1 he i u di i d i lal 
mask atvd protective clotiiing. 

Ill tlie cumhat zone, group jTToti^ction by the use of gasprtKif shelters 
mu bo pmv tiled, at best, for a ii ini ted number at a time. Such .shelters 
will afford means of carrying on i^rtaiii act ivi ties during giLs at t oiks 
uliich cannot he carried out by personnel wearing masks. They will 
alTurdw places of temporary relief from gas where troopti may be scut to 
cut their meala and rest. In rear areas, more e.xteusive gns-protectivc 
iimingcments will be pos,sihle; probably entire buildings, such as offices 
iuid atorchouscsj may be rendered gastight and habitable without neces- 
vliv for the occupants to w'ear masks. The ga? mask,, however, must 
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always be close at hand for emergencies and for going to and from the 
.sheltered enclosure. 

GASPROOE SHELTERS 

In war, estjecially in atabilized situations, large areas may be si i In- 
jected to hariLHging or lethal concentrations of gas for long ptmods, pos- 
.'^ibiy for ?ieveral days nl a tune. Under. sitcli conditions, pro\'ision munt 
Im' made for tmops to eat, rest, and sleep udthout wearing g&s masks. 
Places where work can be carried on without the encumbrance of the 
mask are also necessary, or at least most desirable, for headquarters, medi- 
cal dre«sing stations, telephone and signal stations, obscrvatiim po«ts, etc. 
In rear areas subject to shelling and bombing, offices and sleeping quarters 
for lines of Communication personnel must likewise bo made habitable 
under gas-attack conditions. The answer to theae requiromonts is the 
go-siiroof shelter. Such a shelter is any enclosed space, dugout, part of a 
trench, a tent, building or room which is rendered gaslight. It may ho 
u sinqile nonventilatod enclosure designed for only limited use or it may 
Ik- an elaborate installation viHth a ventilating system enabling it to bi' 
oi'cupiod indefinitely. 

Xonvrniitaivd shdk^r^ are for limited use only in the pratection of 
(jeiuoimeh Frequently they may be all that it is practicable to provide 
for front -line troops except in stabilized situations. Such sliellers arc 
merely enclotfsed spaces rendered as gaslight as conditions and facilitii^s 
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permit. 

The primary priiici|)le involved in the location or construction of a 
nonventilated shelter is the elimination of drafts. Insofar as practicable, 
sueli shelters should be i)rotected from the wind, thus the lee side of a hill 
is preferable to the toj^ or the windward side. Such shelters should always 
l)e ])rovided with air-lock dt)or\vays, as described Ixdow. 

In* nonventilated shelters no fire.s can be allowed, since fires quickly 
consume the oxygen of the enclosed air and cause air from the outside to 
lx* drawn in through cracks and crevices and e\ (‘ii through ordinary walls. 
Chimneys and all oi>enings should be plugged up to render them as air- 
tight as possible. The shelter should be located as high up as practicable, 
consideiing also other safety recpiirements. In the field, ra\ im‘s, valleys, 
and wooded patches, where the concentration and persistency of gas an’ 
likely to be greate.st, should be avoided. In buildings, the upper floors 
will Im‘ safer as regards gas coneeiitration than the lower floor and cellar. 

The air-lock doorway is an enclosed passageway with a door at each 
end, the )>a.ssage being deep enough so that a man on entering or leaving 
cannot handle both doors at once. For medical dressing stations the pas- 
sage must be sufficiently deep to accommodate two men carrying a 
stretcher. The df>ors hang on slanting frames and consist of weiglifed 
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blankets which are raised up from the bottom to enter, the weights causing 
them to fall shut when released (see Fig. 133 ). The outside blanket is 
always lifted against the wind, as otherwise a gust of air will be blown into 
the pas.<«ageway and raise the inner door admitting gas to the shelter. 
A box of chloride of lime (bleach) is kept in the pa.ssageway and is 
sprinkled over the floor of the passage. In ca.se men entering the shelter 
have mustard gas on their shoes, they should shuffle their feet in the 
bif’ach. This will tend to neutralize the mustard and prevent a concen- 
tration of mustard vapor l>eing built uj) in the enclosure. Otherwise a 



dangerous concentration may dc’velop, and so gnulually that its odor may 
not be detected by those inside. Wlu’n practicable, shelters juay be 
provid(jd with anterooms where men can remove contaminated clothing 
and e(juipmcnt before entering the inmost enclo.sure. 

Non vent ilat(‘d shelters are h)r limited use only in the i>rotection of 
|>ersonneI. They may frequently be all that it is practicable to provide' 
for front-line troo])s e.xcept in stabilized situations. Such shelters are 
merely enclosed spaces rendered as gastight as ct)ndition.s and facilities 
I-Komit. They should at least be provided with air-lock doors. 

.As there is no fresh air entering such a shelter, when occupied by per- 
sonnel, the atmo.sphere inside will gradually become fouled owing to 
replacement of the 0X3"gen by carbon dioxide given off in exhalation. 
Thus the length of time that such a shelter may be used depends upon the 
amount of air it contains, or its cubic capacity, and the number of per- 
.sons occupjnng it. In making use of such spa<*es, it should be tmderstood 
that the minimvm amount of air required /or a vian is 1 cti.fi. per minute. 
Persons inside the chamber should remain quiet and not mo^-e about 
becau.se muscular activity increases the consumption of oxygen, thus 
shortening the time which the jdace may be used w*ith safety. 

In the World War, main* shelters of this tyj>e actually' ]>roved to be 
gas traps. Tliis can be attributed to s(*v(‘ral causes. Thev were fre- 
(piently dugouts leading from trenches into which gas tended to flow and 
lemain in high concentration. Doorways were often poorly made and 
improperly used. Again, men were constantly entering and leaving the.'<(‘ 
places each bringing in a certain amount of gas on his clothing or shoe.* .*40 
that graduall}'^ a dangerous concentration was built up inside. This 
was particularh' tnte as regards mustard gas. 

Nonventilated slieltere are suitable for storage of food supplies, 
munitions, and equqmient. They should be opened and ventilated as 
soon as the outside air is free of gas. 

A ventilated shelter is one provided with apparatus for drawing in fresh 
air from the outside and filtering out the gas or irritant smoke in the same 
manner as a gas-mask canister. Such a filtration device i.s called a col- 
lect hfc protector. For tx*rmanent installations, a c(»llective protector 
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should consist of a large canister containing both chemical and mechanical 
filters, the air being drawm through the canister by a suction fan driven 
by an electric motor. 

For use in the field, a collective protector should be portable on motor 
transportation and should be furnished in at least two sizes — one purify- 
ing sufficient air for small gasproof shelters in the forw*ard part of the 
combat area, and one purifjdng sufficient air for larger shelters in the rear 
areas of the combat zone. 

Coast-artillery plotting rooms, etc., can be rendered gasproof in thus 
manner, though additional provisions are required in the waj’' of blast- 
proof doors and windows. 

In all such shelters, the fact that the concentration of gas is invariably 
greater near the ground level should be remembered and, consetpiently, 
the air intake should be as high as it may be practicalde to place it. 

It is unneces.sary to proA'ide any special means of air outlet. It is 
ncces,sary that a slightly higher air pressure be develojwd inside the shel- 
ter than outside. This will insure against seepage of gas through walls 
and crevices. As fresh air is drawn in through the filter and a i)ositive 
pros.sure .set up in the shelter, some air will be forced out through the walls 
and crevices so that there will be a gradual change of air in the enclosure. 

Ga.s shelters in the fonvard part of the combat area will generally be 
lH>mbproofed. In rear areas, w’hen located near iastallation.s that are 
likely targets for air attack, bombproof shelters also probably will be 
required. Ga.s masks, of course, must be kept immediately at hand at all 
times. 
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CHAFi'ER XXIV 

THE EFFECTIVENESS OF CHEMICAL WARFARE 

.Many factors (^ntcr into an (’valuation of the relative cff<‘ctiv(m(‘ss of 
war w(’a|Kms. Cfliicf among those are: ( 1 ) the l>ollig(^r(’nt's philosophy 
:of batthq ( 2 ) the iactic'ul obj(x;tiv(is sought, i.c., casualties, (h^tructlon 
of mabu’iul, the occupation of im{)ortant strategic positions, denial to 
the enemy of the use of vital land or w’ater areas, etc.; ( 3 ) the militaiy 
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effort to the* oI)jortiv(*s sought; (4) the degree of ijrepara- 

tion and training of the enemy’s arm(*d forces; and (5), lust hut not least, 
the morales and d<»t<’rini nation of the civil population. The strategical 
and tactical employment of cliemicals in war and their effe<*t upon the 
enemy’s armed force's and civilian population has bocni discusstMl in ])rcv 
ceding chapters. It is the purpose of this chapter to toucli bru'fly on 
the other factoi*s just mentiom’d, to discuss at some length the casualty 
vahie of ch<*micals in war, ami to draw some comparisons between the* 
results prodin*ed by the j)rimripal military agents used in the World War. 

PHILOSOPHY OF BATTLE 

Prior to the era of mod(*rn tinu!s, there do not swmi to havii been any 
generally recogniz(*d limits to the scop<i and character of warfare?. On tin* 
contrary, in war, might made right, and those means which most (*xiMHli- 
tiously and utterly annihilated an enemy w(‘ro preferriid. P(*w if u!iv 
checks or limitations appear to have b(H?n placed \ipon the ])owers of the 
commamh'i-s of armies in the fi<*ld. 

The first co<le of warfare which sought to define th(? limits within 
wliich armed conflict between (avilized nations should bo cM»nfine<l were 
the rules and instructions for the governance of tlie lJi»ion armies in the 
American (Mvil War (1861-1865). Those were promulgated in the 
celebratetl General Order 100 of the U.S. War Department in 18(53, and 
eventually became the basis of what i.s now known as the Ruh?s of Land 
Warfare. Tlu?.se “rules” are now accepted, at least in princ’ijde, by all 
civilized nations as the basis for the conduct of war. 

There is, however, still a considerable divergence of viewpoint in the 
interpretation of many of the provisions in the Rules of Land Warfare. 
Perhaps the most fundamental of these differences is that concerning 
what might be termed the philosophy of battle. Here, there are two 
quite distinct schools of thought: One holds, in principle, that the ends 
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of war justify the means and that there is no limit to the degree of force 
which may be employed in order to attain victory. This philosophy of 
battle i.s typically illustrated in the German doctrine of war set forth in 
the German War Book of 1910, as follows: 

In the matter of making an end of the enemy’s forces by violence it is an incon- 
te.sta)>lo and self-evident rule that the right of killing and annihilating, hostile com- 
ImtuntK is inherent in the war power, and its organs, and that all means which modem 
inventions nlTurd, including the fullest, most dangerous, and the most massive means 
of destruction, may he utilized. 

Tlie other schotjl of thought holds that no greater degree of force 
sliould be employed in war than is necessary to achieve victory in battle 
and that ruthless destruction of life and proj>erty is not warranted in the 
conduct of warfare. The United States Government has consistently 
held to this second viewpoint, and has always sought to wage war within 
the limitations thus imposed. As will be shown in this chapter, no 
weajKms yet devised mea.sure up to chemical agents in effectiveness in 
waging war in accordance with this philosophy of battle. 

The object of war ds to bring about the complete submis.sion of the 
enemy a« sf>on as po.ssible by means (jf regulated violencek Mani- 

festly, those meaiLs and instrumentaliti(*s which enable a nation at war to 
achieve this object with the minimum military effort and the least dis- 
location of its nonnal national life are, in general, the most effective. 
The choice of such means is not unlimited, however, since among modem 
civilized states tlie scojm? of armed conflict is measured by the recognized 
limits of military neces,sity. These limits are stated in the Rules of Land 
Warfare as follows: 

Military necessity admits of all direct destruction of life or limb of arnufd enemies, 
jind of other pcrHon.«i whose destruction is incidentally uvnvmdaUt: in the anned 
«*ontasts of war; it allows of the capturing of every Hrmetl enemy, and of every enemy 
of importance u> the hn.<<ti)e government, or of pe^euliar danger to the captor; it allows 
of all destruction of prt)perty, and olwtniction of ways and channels of trullie, travel, 
or com in unicat ion, and of all withholding of sustenance or means of life from the 
cmeiny ; of the appiiipriation of whatever the eneniy’s eountiy affords that is iiettessary 
for the .subsistence ainl safety of the army, and of such dc<‘eption as does not involve 
the breaking of g<HKl faith, cither positively pleilged, regarding agreements entered 
into during the war, or sup))OHed by the modern law of war to exist. 

De.spite the fact that ain)la»<'*<» long-range artillery, and other modern 
inventions have vti.<tly extended the scoi>e and character of armed con- 



flict, .su that war is now no longer confined to the battle front, but extends 
far into the home territory of the enemy which supports the battle front 
by furni.shiiig the means of war in both men and material.s, nevertheless, 
the ho.'^tile army in the field is still the primary objective in military 
tqx^rations. 
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This being the case, it follows that the complete submission of an 
enemy will, in the future as in the pa.st, be accomplished in the main by 
de.stroying the combat atretigth of his arm(»d fiirecs. How will this result 
be accomplished in future wars? 

In ancient and medieval times, when wars were fought by professional 
armies small in comparison with the total population of a state, tin* 
most effective means of conquering an enemy was the more or less com- 
plete annihilation of his army. In modern times, however, wars are 
fought by enormous armies, raised by universal coascription, and com- 
jK)scd of practically the entire.able-bodied manhood of the nation. Also 
the vast quantities of munitions required in modern warfare tax the 
productive effort of the state as never before. 

In the M orld A\ar, not only were the armies of the various belligerents 
the largest ever raised, both in actual numbers and as percentages of the 
entire belligerent jwpiilations, but the effort to maintain these huge 
armies .strained the economic life of each nation to the breaking |)oint. 
Measures which increase this burden of maintenance will obviously 
contribute far more toward deciding the issues of future wars than the 
intrinsic lo.ss of man power from battle death.'j. 

Ba.si*d upon the mobilizatioiLs of the late war, military authorities 
\ ariously estimate that modern war requirc^s from three to six men behind 
the lines to keep one soldier at the front, and the difficulties of maintaining 
an army in the field are enormously increased by the task of caring for 
the sick and wounded. * IMen put out of action by nonfatal battle wounds 
are (for the duration of their noneffect i^*e jjeriods) military liabilities, 
instead of axsets. *1 he .strategic value of battle deaths has thus greatly 
diminished, and modem militaiy' thought places chief emphasis upon 
mmfatal battle casualties. Those instrumentatilities which enable an 
army to inflict upon the enemy the greatest numlx'r of nonfatal battle 
I'asualties, in proportion to the militaiy’ effort ex])ended, are accordinglj' 
regarded as the most effective militarj’^ agents. 

• In the A.E.F. in France in 1918, the average aimual strength of the Medical 
Depart nieiu was 7(5,600, equal to one-eigfUh of our average total combat strength in 
France. 

In order to ascertain the relative effect ivene.s!>i of modern military 
ugiMits, we cannot do lx»tter than examine and evaluatt? the eusualties 
of tlie orld War. We' will ae<*ordiiigly devote the next few |>ug<*s to a 
brief survey and eomiiarison of the eusualties sustained by l)oth sides in 
the late war. 

CASUALTIES 

Befon* examining these casualty records, it might be well to d<*fine 
what is meant by the <*xprossion casualty. The popular idea of a war 
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casualty is a person who is either killed in action on the field of battle or 
who died from the effects of battle wounds. In a military sense, however, 
a casualty is any loss of personnel which reduces the effective fighting 
strength of a military unit. Military casualties are, therefore, those 
losses caused by death, wounds, sickness, capture, desertion, and dis- 
charge from the service. Casualties are usually divided into two general 
classes — battle casualties and nonbattle casualties. The former are 
tliose losses caused by enemy action in battle, while the latter include all 
other losses. Ca.sualties may also be either permanent or temporary. 
Permanent casualties are those who are not returned to the army during 
the remainder of the war, while temporary casualties are those who an* 
put out of action for temporary periods but are subsequently returned to 
the army during the war. 

Very complete and accurate statistics have been compiled and pul>- 
lished by the United States and British Governments concerning their 
World War casualties and many valuable militar}' le.s.soiis have been 
learned as a result of the analytical study of these figures. 

Unfortunately such excellent data liave not been publislied by tlie 
other belligerents. Some have relea.sed partial statistics and have .stated 
that they did not keep such detailed reeord.s of their ca.sualties as to show 
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cause of casualty and the result therw)f, while others liave published no 
6gures at all and have made no explanation of their silence on the subject. 
The author has made every effort to secure the most accurate and reliabh- 
figures available, and has cited his princiiml authorities in each case. 
However, it must be borne in mind that statistics are always somewhat 
imperfect, especially where they have not been compiled from uniform 
viewix>ints, as in this case. 

Records of battle injuries from the ver 3 ' nature of the case cannot be 
complete. In most cases militaiy^ casualty statistics are ba.*«‘d upon 
hospital admi.s.sions and thus include only those men who were treatecl in 
the field hospitals. This neces.sarily leaves out of the record a ^■ery large 
number of men who were rendered horn de combat by batlh‘ injuries for 
whicli they received local treatment. \\'hile such men nominally 
remained with their units, they were militarily uoncffe<*tive for consider- 
able. j)eriods of time. This was j)articularly true of a larg<‘ munlH^r of 
men who were sufficiently gassed tp be jnit out of action, but who were 
not at the time thought to be so seriously injured as to require e^•acuation 
to the field hospitals. 

Table IX shows the number of men mobilized by countries during the 
World War, together with the total casualties sustained by each. It also 
.shows the number killed or dying from all eau.ses, the wounded, those 
taken prisoner or missing, and the percentages of ca.sualties in the total 
nuibilizations of each country. 
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Table IX. — Casualties in the World War 





Total 

mobilized 

forces 


Killed 

and 

died* 


Wounded, Prisoners 
excluding and 

deaths | missing 


Total 

casualties 


Per 

cent 


ItttVx: 

Russia 


15.500.000 


1.700,000 


4.950.00oL.500.000 


9.150.000 


59.0 


Franco 


8.410.0001.357.800 


4^266.000 


537.000 


6.160.800 


73 3 


Hritish Kinpirof- • • 


8.904,407 


698,706 


2,004.976 


352.458 


3.056.140 


34 3 


Italy 


5.015.000 


660.000 


947.000 


600.000 


2.197.000 


39.1 


I’liited Stalest — 


4,137.828 


116.902 


219.296, 


4.500 


340.698 


8 2 


Japan 


800,000 


300 


907 


3 


1.210 


0.2 


Roumania 


750.000 


335,706 


120,000; 


80.000 


535 . 706 


71.4 


Serbia 


707.343 


45.000 


133.14$' 


152.958 


331.100 


46.9 


Itelgiuni 


207.000 


13.716 


44.686 


34,659 


93.061 


34.5 


Greece 


230.000 


5,000 


21.000 


1.000 


27.000 


11.7 


Portugal 


100.000 


7,222 


13, 751 j 


12,318 


33,291 


33.3 


Montenegro 


50.000 


3,000 


10,000j 


7,000 


20,000 


40.0 


Total 


45,471,038j4,933,352 


12.730.764'4 


281,986 


21,946,012 


48.2 


('mtrat Power h: 
Gerinanv 


11.000.0001,773,700 


4.216,058^1 


152.800 


7,142,658 


64.9 


.Austria-Hungary. . 


7.800.000 


1.200,000 


3.620.000 2 


.200.000 


7,020.000 


90.0 


Turkey 


2.850,000 


325.000 


400.000i 


250.000 


975.000 


34.2 


Bulgaria 


1,200.000 


87,500 


152.390 

1 


27.029 


266.919 


22.2 


Total 


22,860,000 


3,386,200 


8,388,44$|3 


i 

00 

i 


15,404.477 


67.4 


Grand total .... 


68,321,638 


8.319,552 


21,119.212 7 


.911,r25 


37,350,489 


54 7 



* Killed and died include# deaths from nil eauacs. 

t British “Official Medical llif^tory of the W«r,” H. M. Stationery Ottioe, London, 11131. 
t Figures for the United State# include S(P.7l*7 United State# Marine#, but exclude United State# 
Navy. Excluding United State# Marine# who served with the Army in France, the United State# 
Army caaualtie# were a# follow#: total mobilixed forces. 4.057.101; killed and died, 114.00.5; wounded 
riiKuiiltiee. 210,398; excluding 13.091 who died of wounds; prisoner# and mining. 4.423 (represent inic 
prisoners only, all missing cases cleared up; total casualties. 328.916; per cent, 8.1). 

In order to arrive at the numl^er of injuries inflicted by weapons 
(“battle injuries’^, the “prisoners and missing” .should be omitted, since 
obviously nothing definite is known as to their condition. In this con- 
nection, however, it should be pointed out the probabilities are that 
approximately the .«?amo jvreentages of “killed” and “wounded” would 
<»ccur among the “prisoners and mi.s.*iing,” as among tlie forces accounted 
for, .so that, in arriving at the total “kilted and wounded,” it would h<‘ 
logical to extend the ix*rcentagc's of “killed and wounded'* to a])p!y als<i 
to the “prisoners and mis.sing.** On tlie other hand, in comparing casual- 
ties caused by various military agents, it is safer to exclude the “prisoners 
and missing,” from the figures, in order to eliminate all conjecture, 
although it would not affect the relative ]>orcentages either way. Accord- 

652 

•ugly the “prisoners and missing** are excluded in the following casualty 



Statistics, unless otherwise stated. 

Another important ixiint to be noted in connection with Table IX is 
the fact that the figures in Column 3, showing “killed and died,” include 
men wiio died from nonbattle injuries (including disease), as well those 
who died from battle injuries. Exact figures are not available from all 
the countries shown in Table IX to permit these two classes of deaths to 
l)e separated. We have, however, the official figures for the United States 
and the British Empire and the approximate estimates for the other 
iK'lligercnts. 

Tabic X shows (by country) the number of battle deaths and non- 
battle deaths, the total wounded (including deatlis), and the percentages 
of battle deaths to the total numbers wounded. 



Table X. — Battle Deaths in World War 



Country 


Battle 

deaths 


1 

Nonbattle 

deaths 


Total 

wounded, 

including 

battle 

deaths 


1 

Per cent of 
“battle 
deaths “ to 
“total 
wounded ” 
(including 
“battle 
deaths”) 


Allies: 

Russia 


1,416.700 


283.300 


6.366,700 


22.2 


France 


1,131,500 


226,300 


5,397,500 


21.0 


British Empire 


585.533 


113.173 


2,590,509' 


22.6 


Italy 


541.500 


108.500 


1.488.600 


36.4 


United States 


62.842 


64.060 


272.138 


19.4 


Japan ^ 


250 


50 


1,157 


21.6 


Roiiinaniii 


279.750 


■ 55,960 


! 399.756 ; 


70 0 


Sc^rbia 


37,500 


, 7..500! 170.648 


21.9 


Belgium 


11.430 


; 2,286 


50.110 i 


20.4 


Grcec<“ 


4,000 


1,000; 25,000 1 


16.0 


Portugal 


6,000 


1 1,222 


19,751 


30.4 


Montenegro 


2.500 


500: 12.500 

! 1 ' 


20.0 


Total 


4,069.511 


j 863.841 




24.2 


('ctUral Pourrs: 

Germany 


1 .478.(KK) 


■ 295.700 


j 16.8(X).275 
; 5.694.068 


25.9 


Austria-Hungary 


1.000.000 


200.000 


: 4.620.000 


21.6 


Turkey 


270. (KIO: 55.000 


670.000 


40.3 


Bulgaria 


73.000 


14.500 225. 3W 


32.4 


Total 


2.821.000 565.000 


1 11.209.448 


25.2 


Grand total 


6.890.511 


1.429.041 


■ 28,009.723 


24.6 
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From Table X it is noted that the battle deaths were almost five-sixths 
of the total deaths, while less than one-fourth of the total wounded died. 

While the figures in Tables IX and X show that the total casualties 
in the World War greatly exceeded, both in number and percentage of 
forces engaged, the casualties of all previous wars, and the ratio of battle 
injuries to nojtbatile injuries was very much higher than ever before, the 
|K»rcentagtt of deaths due to battle injuries was much lower. The use of 

T.iBLE XI. — CJaK (‘asI ALTIKS IX THE WoKLD WaH 



Countiy 


Ratio of gas cos- 
Battle casualties due to ga# ualties to total 
wounded 


Remark.s 


Nonfat al 
injuries 


Deaths 


! IiK'lud- 
Totals ing 

, deaths 


E.xcUul 

ing 

deaths 


Russia 


419,340 


, 56.000 


f 

475.340 7.6 


8.5 


1 


1‘Vance 


182,000, 


8.000 


190.000 3.5 


4.3 


1 


British Empire 


180.697 


8.109 


188.706 7.3 


9.0 


' t 


Italy 


55.373 


4.627 


tiO.OOO 4.0 


5.8 


3 


Tnitwl States 


71 .345 


1.462 


72.81)7 26.8 


32.5 


4 


Germany 


191 ,ooo; 


9.000 


200.000 3.5 


4.5 


i 


.\ii8tria 


97 . 000 ! 


3.000 


100.000 2.2 


2.7 


C 


Others 


9,000| 


1 ,000 


10.000 13.2 


15 4 




Total 

1 


1.205,665 


91.108 

1 


1.296.853' 4.6 


5 7 






POOR MAN'S JAMES BOND Vol . 2 



269 



CHEMICALS IN WAR 



chemirals in the World War played a large part in reducing the ix^rcentage 
of deaths from battle injuries. 

A.S gas was not used to any .serious extent in the World War, except 
on the Western, Eastern, and Austro-Italian Fronts, only the countries 
which fought on those three fronts sustained any ronsid(*rable number of 
ga.s casualties. It has bwni stated that Roumania and Bulgaria suffered 
a large number of gas ca.sualtie.s, but the author ha.s been unable to verify 
this report or to a.seertain any reliable figures concerning same. Accord- 
ingly, Table XI shows, for the countries engaged on the Western, Eastern, 
and Austro-Italian Fronts only, tin* numlM'r of (latf casualties, the deaths 
resulting from l>attle gases, and the iM*r(*<*ntage of gas casualties to the 
total wounded, both including and excluding deaths. 

X "A Co«»P»rntivf Study (»I World War rWuahiw. ‘ by (now Major Geiirnil. Rtd.) U. I., 

Oilchrist, U.S. Governtiieiit Printing Office, Wmdiington, l‘J28. (4«) 

» Thf final vdume of the Itrituh "Official Medical Hiatory of the War." publishi*d by His Majwty'i* 
Stationery Office. London. 193L which deals with the statistical u*p« t of cuauulties. give*. (Tabl.- 9. p. 
Ill) the approximate toUl gas casualties admitted to Medical Units in France. HU. >1918, wi 
185.700 casualtiev (aomiwiona) of which 5.809 were deaths. The figures for the year however, 
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include BritUk troops only; the admisaiuiiK aud deuilw amutig Dominion troops being uiiknuwii. Also 
since the casualties here reported are bused upon hospital ud missions, they do not include gas casualties 
who died on the battlefield. Geiicrul Foulkcs in hie recent book, "Gas! The Story of the Special 
Hrigade" (page 838). gives the total known Briiisli deuths from gas an 6.100. to which (he xiy-s) "must 
be added about 3,000 that were unrecorded., mostly dead, in April and May. H)15." These unrecorded 
casualties undoubtedly include the Dominion Troops (particularly Canadians) who were subjecterl to 
the first German gas-cloud attack at Ypree in April, 1915, and who were not included in the British 
official figures quoted above. The author has, aceordingly, arrived at the total British gas casualties 
and deaths, given in Table XI above, by adding 3,000 casualties, including 2.000 deaths. »o the British 
official casualty figures and to the total deaths stated by Foulkes. 

* Gilchrist (40) gives the Italian gas casualties as 13,300, of which 4.627 (34.8 iwr cent) were deatlts. 
but states that these figures are unreliable. From a study of the chemienl attack.^ on the Italian Army 
aud resulting gas casualties, it is believed that these figures are seriously in error. The author, after a 
careful estimate t>f the chemical-warfare situation on the Italian Front, is inclined to accept the stated 
deaths (4,627) as Upproxi mutely correct, but belie vis the total number of Italian gas casualties were 
at least eO.OOO. 

* “The Medical Depurtineitl of the United States Army in the World War," Vol. .XV, "Statistics." 
Part 2, Table 119, gives the complete casualty records of the United States Army during the World 
War. The figures, however, do not include the casualties of the Uitiied States Maiines serving with the 
A.E.F. The figures, shown in Table III above, were arriveii at by tulding to the oHiciul .Medical Depart - 
tuent easualty records of the Army, the casualty figures for the Murine Corps, as follows: ilisabletf by 
gas. 2,014; died of gas, 3.5; killed in action by gas. 6; total gassed, 2.055. 

* Gilchriat (46) gives the German gas casualties us 78.663, of which only 2.28t> dietl. Dr. Otto 
Muntsch, (48) quotes the same figures, but. in explanation of the relatively small number of German 
gas caaualties, says: 

“.A great many of the gas casualties are to be founil amotig those who were reported misiung. In 
muiiy cases, the casualty lists report as sick only the men who were treateil in the field hospitals. The 
doubtless very great number of men wiio were only slightly affected by gas and who, although unfit for 
aervifie, were able to remain with their units, receiving treatment in the umbulances. are thus left out of 
the Statistics. .Skin diseases caused by eliemicHl subs t a tires ore frequently classified in the statistics, 
not as gas injuries, but as skin affectioiui." 

It is also noted that Dr. Muntsch show's no gas casuiklties during the first year of tiie war (191.7). 
although the British launched several very effective cloud -gas attacks against tlte GermaiLH in the fall of 
HU .7, and the French commenced the use of gas artillery shell against the Germans in Scptcmbi'r. 1915. 
Dr. Rudolph Huimlian (20) also quotes the same figun*s fur the German gas casiialtio. tliiin: "The Oer- 
man casualties liue to gas iirr anid to have amounted to 78.663." He further states that .78.000 of these 
cnsuuUies iK'curred between Jan. 1 and itept. 30, 1918! It has also been explained by other Gcriuaii 
writers that German battle casualties who w(>rc retained for treatment in regimental and cutps areio. 
(estimated at 30 per cent) were not included in the official casualty statistics. Kven after making due 
allowances for all the various considerations mcntioneil above, the author is of the opinion that the 
published figures for the German gas castuiltics arc far too low. C'onsidering the great chemical activi- 
ties of the British and French .Armies and the known effectiveness of the British gas tr<a>ps' attacks, it is 
im passible to believe that the German gas casualties could have been any less than either the British or 
French alone. .After a careful estimate of the chemical-warfare situation on the Western Front, tlie 
author places the German gas cosuultiee at 20<hO(M), of which 9.00Q were deaths. 

* Considerable difficulty was encountered in obtaining reliable information coiii'erning the Austrian 
gas casualties. A careful study was made of the Russian and Italian gas attaeks against the Austrians 
and the conclusion was reached that the Austrian gas casualties approximated 100.000, including 

3.000 deaths. 

t In addition to the principal belligerents listed above, there wore n numbt'r of trooiai of oeveral 
HRiuller pow'ers, such as Belgium and Portugal, which operated on the Western From and sustairted gus 
casualties. The gas oaat)altie« sustained by these troops are estimated collectively at lO.OfK). including 

1.000 deaths. 

From Tables IX, X, and XI, we extract the following significant 
figures. For the countries engaging in chemical warfare (r.e,, Russia, 
France, British Empire, Italy, United States, Belgium, Portugal, 
Germany and Austria-Hungary), the total wounded (including battle 
lieaths) were 28,009,723, of which 1,296,853 (4.6 per cent) were due to 
gas, and 26,712,870 (95.4 per cent) were due to other military agents. Of 
the corresponding total of 21,119,212 nonfalal battle injuries, 1,205,655 
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(5.7 per cent) were due to gas, and 19,913,557 (94.3 per cent) were due 
tn other military agents. For the same countries, the tokU baUk deaths 
were 6,890,511, of which 91,198 (1.32 per cent) were due to gas, while 
6,790,313 (98.68 per cent) were due to other military agents. 

Thus, while gas caused 4.6 per cent of all battle injuries and 5.7 per 
eeut of all nonfatal battle injuries, it caused only 1.32 per cent of all 
battle deaOiB. Gas was, therefore, over four times as effective in securing 
nonfatal battle injuries as in causing battle deaths. The military impor- 
tance of nonfatal battle injuries, as distinguished from deaths, has already 



h(*(!ri pointed out, so that we may logically draw the conclusion that gas, 
as a military agent, responds in an outstanding degree to one of the most 
important requirements of modern warfare. 

military effort expended for gas casualties 

Having determined the battle ca.su altie.s rau.sed by gas, our next 
inquiry logically concerns the military effort expended in securing tliese 
ca.'<ualties, as compared to the military effort expended in securing tlie 
.-<11111 total of battle casualties. 

Ill connection with this inquiry, it should be borne in mind that the 
military effort hero referred to is only that part of the total combat effort 
which M as expeiid(*d in securing ’pvrmnnvl losses (?.c., battle injuries and 
deaths), and does not concern material and other tactical Ios.ses inflicted 
on the enemy, although the.se latter are frequently of great importance 
in modern war. 

Battle injuries and deaths an* inflicted by the so-called combat arms 
of ai'mies. As organized in the AVorld War, the armies of the principal 
iK'lligereiits consisted of fi5*e comliat arms in order of relative strength as 
follows: (1) infantry: (2) artillery; (3) eombat enginwrs; (4) air corps; and 
(5) cavalry. T!u*se com hat arms in all of tlie jirincijial armies constituted 
about two-thirds of all troops in the Theater of Operations, aud the rela- 
tive strengths of these arms, in percentages of the total combat strengths, 
averaged approximately as'fnlloWs: 

Per f^ent 



1. lufnntrv (inchuUiiic iimchinf-gun imd tunk units).. 50.0 

2. Artillery (im-luiliiig y tr<‘m*h-mortar unit.s) 25.0 

'A. C'oiiihiH Kngim*ei> (inrludiiig (‘lifinical units} 8.0 

4. Air ( orps duelutling (tltscrvalion-lmlUxui units) 0.0 

C'Hvnlry (ineludinp mcclumizcd units) 10 

Mis<*cllfim*ous (including hcsid<iuartcrs and headquarters 
tiXMips. M.P.’s, train hc«d(|uarter«, staffs, executive services, 
autittirenift machine-gun units, and iniscclhmeou.s auxiliary 

combat. »l nits. . 10 0 

Total C(onbnf strength 100 0 
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Table XII. — Toxic Oases Used in Battle ddhino the Would War* 
(Tons) 



(’omitrt* 


Arm 


1914 


1915 


1910 


1917 


1918 


Total 
used in 
hattlc 


Gennanv 


A 


0.5 


1 ,500 


0.500 


15.000 


30.000 


53.000 .5 




C 


0 


] .050 


1.200 


1.250 


500 


4.000 


France 


A 


0 


350 


3.000 


7.000 


15.050 


20.000 






0 


0 


800 


1 .-200 


850 


2.850 


Kiigland 


A 


0 


0 


500 


3.300 


0.200 


10.000 




G 


0 


170 


1,205 


2.005 


2,260 


5 JOO 


rnited StHtes 


A 


0 


0 


0 


0 


1,000 


1.000 




C 


0 


0 


0 


0 


100 


100 


Russia 


A 


0 


200 


1.500 


2.000 


0 


3.700 




C 


0 


0 


500 


1.000 


0 


1.500 


.Austria 


A 


0 


0 


050 


2,700 


4.650 


8.000 




C 


0 


0 


230 


320 


250 


800 


Itslv 


A 


0 


0 


350 


2.500 


3.500 


6.350 




C 


0 




100 


300 


200 


600 


Total 


A 


0.5 


2.050 


12,500 


32.500 


61 .000 


108.050.5 


Total 


C 


0 


1 ,820 


1 4,0.35 


0,135 


1 4.100 


16,150 


Grand tofalt 


1 ! 


0.5 


! i f 

3.870 10,535 38.035 05.100 

1 t 


124.200 5 



In addition, amokt'* and inc'iidiuriaii conatitutvd about 20 i>rr rent and .5 pfr r«(|>,»c(ivi»ly. 

tlip toxie-sas expanditurm. 



.A indieatM artillery, ineludinc tmich mortara. 

C indicates apecial chemical (engineer) troop*. 

t In the Britiah and United Staten Armiea the only trench mortara firiux xh" utnniuiiitinn were the 
4-in. Stokaa mortaru, eeiie^ially deeianed for project ing chemieaU. Theae mortara were nutimed by 
chemical troop*. In all other armiee a part of the am munition fired by trench niortare wue aae. and ae 
trench mortar batterioa were peneraliy includetl under the artillery arm, the pas fired by trench mortara. 
(other than Britiah and United State*) ie credited to the artillery. 
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As smoke agents and incendiaries were primarily employed for the 
V»rotoction of personnel and the destruction of enemy material, repec- 
tively, and caused only a negligible number of casualties, these two classes 
of chemical agents ne^ not be further considered here. 

Coming now to the war gases, we find two distinct classes — (1) the 
nunfatal laerimators and irritants, which, while useful for many tactical 
purposes, caused no appreciable battle injuries, and (2), the lethal and 
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vesicant gases, which caused practically all the gas casualties. Again 
we eliminate the effects of noncasualty gases and consider only results 
produced by the casualty gases. 

D.uring the World War gases were employed offensively by three 
combat arms only, ws., (1) artillery, (2) chemical troops (included above 
as engineers), and (3) infantry. As the infantry used gas only to a very 
limited extent in grenades, and these were nearly all of the lacrimator}' 
and less irritant types, practically no gas casualties were caused by 
infantry action. This then left ca.sualty gas warfare in the hands of the 
artillery and chemical troops. 

Table XII show's the quantities of toxic gases used in battle by the 
artillery and chemical troops of the principal belligerents during the war. 

From Table XII it will be noted that the artillery (including trench 
mortars) put over about S6 per cent, and the chemical troops about 15 per 
cent, of the gas used in the World War. 

Xo artillery units were exclusively employed in chemical shoots, 
but all the light and medium artillery and part of the heavy artillery, on 
both sides, fired gas shell. The artillery effort devoted to gas warfan* 
is accordingly measured by the ratio of gas shell fired to the total artillerj- 
ammunition expended during the war. The quantities of gas shell u.sed 
were not uniform, even as percentages of the total .shell fired, but varied 
con.siderably during the progress of the w'ar. However, as indicated in 
Table XII, there was a rapidly expanding increase in the use of gas shell 

the war progressed. In order, therefore, to arrive at any estimate as 
to the amounts and percentages of gas shell used, w*e should consider each 
year of the war separately and then strike an average for the w’hole war 
period. 

Xo ca.sualty-producing gas shell were used until near the end of the 
first year of the w’ar (June, 1915), when the Germans brought out their 
K .shell; the Allies did not commence firing such shell until January, 1916. 
From the beginning of 1916 to the end of the war, the percentage of gas 
shell used on both sides .steadily increased, both in actual numbers and 
|)crcentagc.< of the total artillery-ammunition fired (see C'hart XIX, page 
681). 

The percentage of gas shell fired also varied greatly on the different 
fr<»iits and even on various parts of the same front. By far the greatest 
part of all the ga.s shell used in the World War was fired on the Western 
Fnint. Xext in ga.s artillery activity came the Kastern Front and the 
Austro-ltalian Fronts in the order named. As far as can la* ascertained, 
ndutively few gas .shells were used on other front.s in the late war. It Is 
said that the Rumanians and BulgariaiLs su.staiiied a considerable num- 
l»er of gas casualtiea, but neither the means employed nor the actual 
mimbcrs involved could be verified. 
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Table XIII .shows that 4.54 jjer cent of the artillery ammunition use<l 
in the war was gas. This means then that 4.54 per cent of the total 
artillery effort was devoted to gas w*arfare. As the strength of the artil- 
lery averaged about 25 per cent of the total combat strength of an arm>' 
in the late war, we may say that artillery gas w'arfare constituted 4.54 p(*r 
cent of 25 per cent, or 1.13 per cent of the total combat effort of each 
army engaged in gas warfare. To this figure for the artillery we must 
add the combat engineer {chemical troop/i) effort that was also devoted to 
gas warfare. 

Table XIV shows the engineer troops that were organized and 
(‘inploycd as .special chemical troops during the war. 

From Table XIV it is noted that the 23,765 engineers employed 
gas (chemical) troops during the war constituted approximately 2.0 per 
cent of the total combat engineers, so w'e may say that 2.0 per cent of 



Table XIII shows the estimated total artillery ammunition used during 
the war by the nations showm in Table XII. 



Table XIII.— Estimated Total Abtilleby Ammunition Expended during the 
World War 



Countr>' 


Gas shell 


Other shell 


Total 


Numl>er 


Per 

cent 


Number 


Per 

cent 


Number 


Per 

cent* 


German}’ 


33.000.000 


6.37 


485,000,000 


93.63 


518.000.000 


35.6 


France 


16.000.000 


4.57 


334.000.000 


95.43 


350.000,000 


24.05 


England 


4.000.000 


2.2 


178.000,000 


97.8 


182.000.000 


12.61 


Fnited States 


1.000.000 


12.50 


7,000,000 


87.50 


8.000.000 


.55 


RtiaKia 


3,000.000 


4.17 


69.000.000 


95.83 


72,000,000 


4.95 


.\ii8tria 


5.000.000 


2.86 


170,000.000 


97.14 


175,000.000 


12.03 


Italy 


4.000,000 


2.67 


146,000.000 


97,33 


150,000,000 


10.31 


Total , 


66.000.000 


4.54 


1.389.000.000 


95.46 


1,455.000.000 


100.00 



• 1W rent of total ah«H 6red by all the eountriaa iiatnod. 



the combat-engineer effort was devoted to chemical warfare, and that gas 
w'arfare by engineer (chemical) troops con.stituted 2 per cent of 8 per cent, 
or 0.16 per cent of the total combat effort of the armies. Adding the 
artillery effort (1.13 jx?r cent) and engineer (0.16 ix‘r cent) together, we 
find that 1.29 per cent of the total combat effort of the armies was 
expended in gas-warfare operations from which were produced 4.6 per 
cent of the total battle injuries and 5.7 jier cent of all the nonfatal battle 
injuries. We may, therefore, say that, on the basis of the ratio of 
casualties to military effort, gas was from four to Jive times more effedin 
than the average of the military agents used in the war. 
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These are very remarkable results when we remember that gas warfare 
was not introduced until near the end of the first year of the war; it then 
went through a period of experimentation for the next two years and was 
not developed to a stage evey remotely approaching its possibilities 
until almost the la.< year of the war w'hen mustard gas was introduced in 



Table XIV. — Special Chemical Troops in the World War 



( ’ountry 


Chemical 

units 


Total 

chemical 

strength 


Total 

combat 


Cliemical 
j per cent 


Organization of 


Bat- 

talions 


Com- 

panies 


engineer 

strength 


! of combat 
engineers 


chemical units 


Germany 


9 


36 


7,000 


320,000 


2.0 


4 Regiments of 3 
battalions of 4 
companies plus 1 
additional battal- 
ion 


Eiiglmul 


5 


21 


7,366 


106,000 


6.9 


1 Brigade of 5 bat- 
talions of 4 com- 
panies and 1 spe- 
cial company 


France 


tl 


18 


3,600 


176,000 


, 2.0 


6 Battalions of 3 
companies each 


United States 


•j 


6* 


1,700 


85,000 


2.0 


1 Regiment of 2 bat- 
talions of 3 com- 
panies each 


Russia 


7 


14 


2.800 


250,000 

< 


11 


7 Battalions of 2 
companies each 


Austria 


1 


4 


800 


76,000| 

j 


1.1 


1 Battalion of 4 
I companies 


huh* 




3 


500 


ISO.OOOj 


0.3 


1 Battalion of 3 
companies 


Tolul 


31 


uri 


23.765 


1 . 161 . 000 ' 


2 0 





* Only two hatUiiuiiH of tlit* Ui Guk 1111*11 1 arrivfd in Frincf and took part in tb« t^rntiuna on 
tiK* Wenttrii Front in HUS. In Marcli. HUS. tin IM Ga« wan tm*r**«iied toaix battaliom (of 

ttir«*«> <imipunitt< enUt) witli a total »trt*iMDl> of o.(tS 3 offifTra and men. Euriy in St^tember, HUS. twu 
Mlditioiiul xix-bttttHlioit rt-idmeiitM were nuthoriaed. makinit a total of 15.000 chemical troopa that would 
liave been employeH b}' the American .\rmy hi France in HUO. had the war continued. 

.luly, 1917. Unlike H.E. sliell wiiich had b«*eii fully developed and w'ere 
.standard munitious for thirty years b(‘fore the World War, ga.s shell had 
to be hastily improvised and developed under stress of war conditions. 
Many of the gases used in artillery' shell proved unsuitable for such nm* 
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or were not adapted to conditions met on the field ol battle. Thus, out 
of a total of more than fifty chemical substances loaded into artillerj' shell, 
only four or five proved really effective under battle conditions. 
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Each time a new gas was tried out much effort was invoh'ed in pre- 
paring and firing the shell and in ascertaining their battle effectiveness. 
Often the efficiency of such shell was a matter of dispute and their real 
value could only be definitely ascertained after a large numlier of rounds 
had been fired. Perhaps the most noteworthy example of this kind was 
the French Vincennite shell, filled with a mixture of hydrocyanic acid and 
arsenic trichloride. This mixture had a very marked toxicity in the 
lal)oratory and great results were expected to be obtained in the field 
from its use. The French filled no less than 4,000,000 artillery shell with 
this filling, yet the consensus of opinion wa.s that, owing to its extreme 
>'olatility and peculiar physiological reaction, it wa.s not an effective g&a 
under battle conditions, and hence only a very small percentage of cas- 
ualties were actually obtained from a very large expenditure of this 
ammunition. 

In addition to inefficient toxic gases, there were also a large number of 
shell containing gases of the lacrimatory and irritant types which were 
not intended to produce casualties, but to haras.«> the enemy, causing 
him to mask or to penetrate the mask and cause its removal in the pres- 
ence of toxic gas. Thus, Germany filled 14,000,000 shell with DA, a 
.substance which, while highly irritant, was virtually not lethal and did 
not produce more than 20,000 casualties all told. When the various non- 
casualty-producing gas shells are substracted from the total, it discloses 
a very high casualty power for the remaining successful types such as the 
phosgene and mustard shells. 

This is strikingly illustrated by the following comparison: Considering 
the .seven countries which engaged in chemical warfare during the World 
War (listed in Table XIII), we find (from Table X) that the total casual- 
ties were 28,009,723, of which 1,296,853 were due to gas (Table XI). Of 
the 26,712,870 nongas casualties, it is estimated that approximately 
one-half were due to H.E. shell and shrapnel, or a total of 13,356,435. 
Since the total artillery ammunition (other than gas) ex|xuided by these 
countries during the w’ar was 1,389,000,000 rounds (Table XIII), it 
follows that approximately one casualty was produced by each 100 roumU 
of twngae artillery ammunition fixed. 

On the other hand approximately 85 per cent of the 1,296,853 gas 
ca.sualties (1,102,325) were due to artillery gas shell (see Table XI). 
The.se casualties were cau.sed by the toxicngas shell which were approxi- 
mately 75 per cent of the total gas shell fired, so that we have 1,102,325 
casualties produced by 49,500,000 toxic-gas shell, or an average of one 
casually for each 45 of suck shell fired. From this it follows that toxic 
gas shell were more than twice as effective as nongas (H.E.) shell in 
producing battle casualties. 
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RSLATIVB CASUALTY VALUE OF OASES 

In order to determine the relative casualty* value of the principal 
battle gases, it is necessary to take into consideration the amounts of each 
that were used in battle during the World VS ar. Table XV shows the 
amounts of battle gases of each class that were manufacturfd during 
the War. 

Of the 150,000 tons of battle gases manufactured during the war, 
approximately 125,000 tons were used in battle and 25,000 tons were left 
on hand after the war in filled shell and in bulk storage, as indicated in. 
Table XV. 

Subtracting the stocks on hand at the end of the war from the totals 
manufactured during the war, we arrive at the tonnages of the various 
usod in battle. Table XVl shows these tonnages and the corre- 
s|Muiding number of ca.sualties resulting from each. 

From Table XVI, it is noted that all told about 125,000 tons of gas 
were used in the war and caused 1,296,853 casualties, or orte casualty 
f(»r each l92 lb. of gas. It must be remembered, however, that a larg** 
part of the early war gases were lacrimatoiy and irritant gases which 
rau.sed no recorded ca.«sualtiea, so that the real ca.sualty power of the later 
ga.-^’s was considerably al)Ove this average. 

Of all the casualty gases used in the war, mustard gas was by far the 



Table XV, — Battle Gases Mantteactured during The World War 
(Tons) 





Gases 


Totals 


Lacrim- 

atots 


Lung 

injurants 

.. 


Vesicants 


Sterinu- 

tatGCB 


Germimy 


‘2,900 


48.000 


10.000 


7.200 


08,100 


Franco 


800 


34.000 


2,140 


15 


36.055 


KnglRud I 


1,800 


23.335 


500 


ioo 


‘25,735 


I'nited Stateti 


5 


5,500 


710 


0 


6.215 


.\ustria 


•245 


5.000 


0 


0 


5.245 


Italy 


100 


4,000 


0 


0 1 


4,100 


Russia 


1 150 


3,500 


0 


0 1 


3,650 


TotaI« 


: rt.ooo 


123.335 


13.350 


7.315 


150,000 


I>*ft on hand unuawl 


i 0 

i ! 


22.835 


1.350 


815 

1 


25,000 



most effective. It wa.s not introduced until July 12, 1917, and hence 
was used by Germany only during the last sixteen months of the war. 
Owing to production difficulties, France was unable to fire mustard ga< 
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shell until June, 1918, and Great Britiun not until September, 1918— 
less than two months before the Armistice. Notwithstanding the 
.short period of use, 1,200 tons of mustard gas (in artillery shell) caused 
400,000 casualties, or one casualty for each 60 lb. of gas. 



Table XVI.— Battle Gabeb Used in World War and Rebultino CABtrALTiEs 



Gases 


Tons used 
in battle 


Resulting 

casualties 


Pounds of gas 
used per 
casualty 


I.<acriinator8 


6.000 


0 


0 


Lung injurants 


100,500 

12,000 

6,500 


876.853 


' 230 


Vesicants 


400.000 


60 


Stermutat-ors 


20.000 


650 




Totals ^ 


125,000 


1,296,853 


192 (average) 





Altogether about 10,000,000 artillery shell were filled with mustard 
gas, and of these approximately 9,000,000 were fired in the late war. 
These 9,000,000 shell produced 400^000 casualties or one casualty for 
every 22.5 mustard shell fired. Thus, mustard gas shell proved to be 
twice as effective as the average gas shell and nearly five times as effective 
a.s shrapnel and high-explosive shell. 

Contrast this record with high-explosive, rifie, and machine-gun 
casualty results. About 5,000,000,000 lb. of high explosives were used by 
all belligerents in the war, from which it is estimated 10,000,000 battle 
casualties resulted; thus each casualty required 500 lb. of high 
explosive. Again, a total of 50,000,000,000 rounds of rifle and machine- 
gun ammunition produced 10,000,000 casualties; thus each casualty 
required 5,000 rounds. 

PRINCIPAL GAS ATTACKS IN WORLD WAR 

.Impressive as are the foregoing average results in the late war, many 
instances can be found where gas was used under favorable condition.^ 
and produced still more effective results. This was particularly true of 
the large-scale gas attacks put over by the chemical troops on both sides. 
These attacks comprised gas clouds released from cylinders or projected 
on the enemy by gas projectors. 

Table XV’’!! shows the principal gas attacks during the war, the 
approximate quantities of gas used, the means employed for putting over 
the gas, the casualties produced, and the average amount of gas casualty 
for each attack. 

From the last column in Table X\TI it will be noted that, in general, 
the early gas attacks were the most effective from the point of view of the 



663 



H 1 




















w 


S3 8 S28 S S 


5 


1 § gS|^ S SSS& 


s 




POOR MAN’S JAMES BOND Vol . 2 



272 



CHEMICALS IN WAR 






POOR MAN'S JAMES BOND Vol . 2 



273 



CHEMICALS IN WAR 



1 

•i 

js 

T 

ai 



< 

2 



c: 

o 




X 



*c 


1 


i 

t 

i 


« 

cc 

S8 




? 8S g g 

be i i SigggS i ? ? 

X * X X 




Ilf 


s 


b\ imm 


kite ! e 


1 r 1 

- 9 * 9* — V — 


§ 

8 

1 

i 


11 

ii 

z 


I 

» 


II 


iliiliil II I 


S,* ^ - « 


1 

1 


•c 

e 

e 

5 

9 

ft: 


•?-F 
c e 

g t 

b.;x. 


SS 5 . 

i ;.‘C b >. t C 


i 2 2SS SIS, 




% 

e 

1 


If 


t s:' i 

llillli II 1 


; • t ! JliilliiOtilil 

! 1 1 i lIliiiiniHft 

1 I i| 5 ^ £5155555555544^ 




1 

E 


1 

i£ 

i 

.11 
1 -9 

1 


5 

.1 

! II 


A 11|i 
H itij 

imili 


c 

i 5 

'^3 

H 


s ■ 
1 : 
s - 
2 

1 i 

: 


1 l| 

L 1 2 1 , 

I'lKlp Ii 

ritiiiisipii 




lii 



! I 

«<^wi I 
S a 2* K- a.i, 

SS4 



i“ 2 



J5 2!;2 ,^25 zz 

g«?;-S£2:2l2«*'2S2i‘::s 

« a o^* « § 



J HI 



number of pounds of gas required per casualty. This, of course, wm due 
to the absence of any effective protection from the first gases used in the 
war. As the means of protection increased in efficiency, the number of 
|K)unds of gas required to secure a casualty increased proportionately, 
although the results of successive gas attacks were by no means uniform; 
local conditions often entering largely into the relative effectiveness of 
each gas attack. 

Another noteworthy point brought out in Table X\ II is that on an 
average the large gas attacks were not as effective, per pound of gas used, 
as the .smaller attacks. This was due primarily to t he fact that, in general, 
in the small operations the targets were more definitely defined, and also 
tlie smaller the attack the better the execution could be controlled. 

In considering the relative effectiveness of the various types of gasw 
It must, of course, be borne in mind that the infliction of casualties is 
not the sole criterion. For example, lacrimators, being effective in much 
smaller concentrations than the other types, are far more efficient in 
forcing the enemy to mask than are any of the other gases. Indeed, so 
decided is the economy of the lacrimators for such use, it would be a 
tactical error to employ any of the other gases for this purpose. Since 
ga.s masks, no matter how much they may be improved, will always 
involve a material reduction in the physical vigor and fighting ability 
of troops, it is believed that lacrimators will always be used in war, 
although they cause no casualties. 

Similarly, the stemutators (sneeze gases) cause relatively few casual- 
ties, but are so effective in extremely low concentrations in cauring 
nausea and general physical discomfort that they fill a distinct tactical 
need for counterbattery work and in general harrassment of troops. 
Moreover, gases of this type are generally in the form of toxic smokes and 
Imve a marked mask-i)cnctrative power. So penetrative are these gases 
that sjjecial mechanical filters are required to be added to gas-mask 
canisters in order to protect against them. Gas masks so equip|)ed 
necessarily have a higher breathing resistance and tims tend still 
further to lower the physical vigor and combat ability of masked trooiJS. 

From what has just been said, it is apparent that while the infliction 
of ca.sualties is the i)rimary object of modem battle, it by no means follows 
that because a ch<*mical agent does not possess a high casualty-producing 



jKJwer, it is of no ta<*ti<-al value in war. This point will be more fully 
ajipreciated wlien the tactical employment of chemical agents is taken 
into consideration. 



AMERICAN GAS CASUALTIES 

In tlie fon*going discussion we have considered the gas casualties tif 
!hc late war from the general viewpoint of the total casualties of the 
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principal belligerent.* engaged in the war. Mliile such a survey has the 
advantage of a broad point of view, it has the limitation that complete' 
and accurate statistics concerning many aspects of the gas casualties of 
the principal belligerents are not available. We are, therefore, not able 
to draw definite conclusions as to the value of gas as*compared wtfi other 
military agents, or a.s to the relative values of the different gases. For- 
tunately, the excellent casualty records of the A.E.F. in France, compiled 
l^y our own medical department, are so accurate and complete that 
they afford ample material from which these omissions may be supplied 
and many valuable lessons may be learned from a careful analysis of 
tliese records. 

While our battle experience was limited to the last nine months of the 
war, it embraced the period of greatest development in chemical attack, 
and hence most accurately reflects the real powers and limitations of tins 
mode of warfare. The casualty records of the United States Army are 
for the year 1918 only, hence they indicate the results of chemical war- 
fare after it had passed through its period of incubation and had reached 
a stage approximating its full effectiveness. We will, therefore, con- 
clude our study of World War casualties by considering a few of the 
salient points indicated by our own casualties in the war. 

A reference to Table XI will show that the United States had a far 
higher percentage of gas casualties than any other belligerent in the war. 
This has already been accounted for in the preceding paragraph and, if 
the casualty records of the other belligerents on the Western Front an* 
considered for the year 1918 only, it xnW be found that the gas casualties 
of the other armies were about the same as our own. Thus the French 
sustained the foilo^^'mg percentages of gas casualties during the great 
offensives of 1918, 

Per Cent 



Mar. 1 to Apr. 6 (Somme offensive) 39.72 

May 27 to June 5 (Aisne offensive) 11.17 

June 9 to June 15 (Noyoti-Montdidier offensive) 17.15 

June 15 to July 31 (Aisne-Mame counteroffensive) 30.14 

Aug. 1 to Sept. 20 (Somme eounteroffensive) 23.39 

Average 24.3 



These figures are very significant, as they clearly show the rapidly 
increasing casualty power of chemical agents as the war progressed. 
Thus, while the average gas casualties for the whole war period were only 
about 5 per cent of the total casualties, during the last year of the war, 
gas casualties had increased to approximately 25 per cent of the total 
casualties, including deaths, and an even greater percentage wlien death.'^ 
are excluded. This strikingly illu.*trates the point referred to above, 
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namely, that the experience of 1918 is far more indicative of the real and 
future power of chemicals than figures based upon the whole war period 
when chemical warfare was largely in the experimental stage. 

The figures in Table XVIII show that gas ranked first among all the 
military agents in the production of nc^nfatal casualties, and second in 
pnMiuction of total casualties. Table XVIII further show.* that, with the 
single exception of gunshot missilea (a very generic and comprehensivi.^ 
rlass), gas caused a far greater percentage of our casualties than any other 
tnilUary agent used in the loar, even including H.E. shells and shrapnel 
which were employed on a A’astly larger scale. 

This is a very impressive showing for anj" militarj* agent, and is even 
more so for one which was hastily develo|x*d under .stress of war and did 
not emerge from an experimental stage until the war was nearly half over. 

It is noted that Table XVIII does not include those that died on the 
liattlefields nor any casualties among the marines who served with the 
A.E.F. Supplying these omissions, we have the total battle casualties 
for the A.E.F. in Table XIX: 
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The offirial casualty reports of our medical department give the 
hospital admissions and deaths from battle injuries in the A.E.F. caused 
by the various military agents. These data have been extracted and 
consolidated in the following table: 



Table XVIII. — Battle Casualties and Deaths in A.E.F. from Various Military 

Agents* 

(Based on Hospital Admissions) 



Military' agents 


Battle casualties 


Per cent of 
hospitalize<l 
casualties 


Nonfatal 


Deaths 


Totals 


Gunshot missiles 


67.409 


7,474 


74,883 


33.42 


Gas 


69,331 ; 


1,221 


70,552 


31.49 


Shrapnel 


31.802 


1,985 


33,787 


15.08 


Rifle hall 


19,459 


961 


; 20,420 


9.12 


Shell. 


18.261 


1.778 


i 20.039 


8.94 


Hand grenade 


824 


56 


i 880 


0.40 


Bavonet (cutting instruments) 


369 


5 


! 374 


0.16 


Pistol ball 


229 


13 


' 242 


0 10 


.\irplanc attacks 


170 


28 


198 


0.08 


Sailer 


9 


3 : 


12 


1 0.005 


Miscellaneous, including agents not 
stated, crushing, falling objects 
indirect result 


2,535 


i 

1 

167 


2.702 


1.205 


Totals 


210,398 


13,691 


224.089 





• Excluding marinr« Kcrving with the A.E.F. 
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Table XIX. — Total Battle Casualties in A.E.F. from Gas and Nongas Agents 



Military agent 


U. S. Army eaaualtiea 


U. 8. marine casualties 


1 Total casualties 


Killed 

in 

action 


Died 
in hos- 
pital 


Wounded 

noii- 

fatal 


KUled 

in 

action 


Died 
in hos- 
pital 


Wounded 

non- 

tatal 


Total 

deaths 


M' ounded 
non- 
fatal 


ToUl 

casual- 

ties 


Nongas 

Gaa 


30.494 

200 


12.470 

1,221 


141,007 
09.331 1 


1.837 

c' 


579 

33 


6.884 

2.014 


51 .360 
1.402 


147.951 

71,345 


199.331 

72,807 


Totals 


30.004 


13,691 


210,398 


1.843j 614 


8.898 


52.842 


219,290 


272,138 



It will be seen from Table XIX that, while gas caused 26.75 per cent 
of all our casualties and 32.53 per c*ent of nonfatal casualties, only 2.00 per 
cent of the gas casualties died, whereas 25.78 per cent of the nongas 
casualties died. We may say from this that men wounded hy gas had 
over twelve times tlie chance to escape with their lives than men 
wounded by other weaiwns. 

This very low death rate from gas, as compared to other weaixms, 
was also experienced by the other principal armies engaged in 
the gas war. Thus, British casualty records* show only 4.3 per cent 
deaths from gas as compared to 24.0 i>er cent deaths from nongas weapons; 
the French had 4.2 per cent deaths from gas as against 32.0 iK»r cent 
deaths from nongas weapons; while the Germans had 4.5 jxr cent deaths 
from gas as against 36.5 per cent deaths from nongas weapons (see 
Plate I). 

Not only were the deaths from gas comparatively low, but the per- 
centage of tho.se permanently put out of action by gas Mas equally low. 
This is indicated by the number of discharges for disability from battle 
injuries by various military agents, as .shoM*n in Table XX< 

From Table XX it M ill be seen that gas caused only 11,3 per cent of the 
total discharges for disability, M'hile it Mas re.sponsible for 26.75 i>er cent 
of all casualties, and 32.55 per cent of all nonfatal casualties (see Tabic 
XIX). Dividing the number discharged for disal>ilily from eacli militarj^ 
agent, as indicated in Table XX, by the number of nonfatal casualties 
from each agent, as given in Table XVIII, M*e find the per cent of dis- 
charges among the ca»«ualties from the principal agents as folloMs: 

25.4 per rent of those wounded by shell were discharged for disability. 

21.9 per cent of (hose Mouudetl hy rifle balls were dischaiged for disability. 

17-3 per cent of those wounded by shrapnel were dischai^ed for disability. 

10.8 per cent of those wounded hy gunshot missiles xvere discharged for disability. 

7.9 per cent of those M'ounded by gas M'ere dischaigcd for disability. 

* France and Flanders only. 





6ERHAN CASUALTIES 
WORLD WAR 



FRENCH CASUALTIES 
WORLD WAR 





BRITISH CASUALTIES On rranee) 
WORLD WAR 



AMERICAN CASUALTIES 
WORLD WAR 



Plate I, — Gas and nongas casualties in the M'orld War. 
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Table XX. — Discharges for Disability and Days Lost in Hospital in A.E.F. 
FROM Various Miutary Agents* 



Military' agent 


Discharges for 
disability 


Days lost in 
hospital 




Number 


Per cent 


Number 


Per cent 


Oun.shof missiles 


7,280 


29.0 


G. 157,451 


35.2 


Shrapnel 


5,488 


21.8 


3,423,040 


19.8 


Shell 


4.638 


18.4 


2.158.629 


12.3 


Rifle ball 


4,264 


16.9 


2,373,692 


13.5 


Gas 


2,857 


11.3 


2,947,308 


16.8 


Hand grenade 


198 


0.78 


81,944 


0.42 


Airplane attacks 


50 


0.186 


23.962 


0.14 


Pistol ball 


26 


0.1 


23.153 


0.13 


Bavonet (cutting instruments) 


14 


0.056 


16,151 


1 0.1 


Saber 


2 


0.008 


; ' 1.677 


0.01 


Miscellaneous, inclutliug agents not stateti, 
crushing, falling objects, indiret^t results, 
and others 


370 


1.47 


284,937 


1.6 


Totals* 


25,187 


100.00 


17.491.844 


1 100.00 



* ExcIuditiK tnurinm Mfrving with thr A.E.F. 



Stated in another May, M'e may say that as a ca.sualty producer gas 
ranked first among all the Meapons of M*ar, but a.s regard.s eliminations 
through discharges for disability, it ranked ffth among the causative 
agents, being exceeded by gunshot missiles, shrapnel, shell, and pistol 
balls. 

In view of the above, it might be inferred that, since such a small 
percentage of gas casualties Mere permanently put out of action, men 
gassed one day M ould return to their organizations the next day, and thus 
gas is too humane an agent to be a really effective M ar M’eapon. Such, 
lioM'cver, is far from the fact, as is attestf^i by the comparative number of 
days lo.st in ho.spital from the varioiLs military agents including gas. 
Referring again to Table XX, it M ill be noted that gas M as responsible for 







POOR MAN'S JAMES BOND Vol . 2 



275 



CHEMICALS IN WAR 



16.8 per cent of the total days lost in hospital, while it caused only 11.3 per 
eent permanent eliminations (discharges for di.sability) and 2.00 i>er cent 
deaths (Table XIX). 

Stated ill another way, we may say that ga.s ranked third among the 
causative agents as regards days lost in hospital, l>eing exeeedeil only by 
gunshot missiles and shraiinel, while it ranked fifth as regards discharges 
for disability, and fourth as regards death (Table XVHl) (see Plate II). 

What has just be<Mi said applies to all war gases as a group, but there 
is eon.siderable variation among the several tyjies of gas<^s as regards the 
length of hospitalization from gas wounds. Thus the lethal or deadly 
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Bo^onet 0.1 0 % 

?iifo\ba\\ 0.12% 

to'S!?"* aoo4T. 

0394%^ i ✓GrtnoclM ft4% 




Artin* JM6% 

0,5% -• 

NON-PATAL CASUALTIES 



Bayonrt Q04% 
Pis^t Ball ai0% 



Hlscrllartfous t227o 




DEATHS FROM WOUNDS 



Bayoi . 

Pift^ifiatt 0.10% 
Airplane 0.166% 
Saber ft008*» 



Miscellaneous li%} 




Bayonet 010% 
PisfolBoll ai37« 
Airplane 0.14% 
Saber 0.01% 






DISCHARGES FOR DISABILITY 






DAYS LOST IN HOSPITAL 




Plate II. — American bettle casualties by military aKent. 
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gases, as a group, cause less loss of days in hospital than the vesicant- 
type gases, such as mustard gas. British statistics show that over 80 per 
cent of men fatally gassed with phosgene died on the first day in the 
hospital, whereas only 1 per cent of men fatally gassed with mustard 
ihed on the first day. On the other hand, among men nonfatally gassed 
with mustard, French statistics showed the percentages of those* who 
recovered and returned to their units as follows: 



Per i'eiii 



Within 30 days 0 

Within 45 days t3 

Within 00 days 35 

Within 70 days 17 

Total 03 



The average American mustard-gas casualty lost 60 days in hospital. 
From the viewpoint of modern warfare where the object of battle is 



not to destroy human life, but rather to put men out of action and thus 
not only decrease the enemy’s combat power, but also increase his war 
burden by forcing him to maintain the maximum number of noiieffectives, 
it is obvious that gas responds to an outstanding degree to every require- 
ment of ail effective military agent. 

We will now conclude our consideration of casualties by a brief survey 
of the relative effectiveness of the principal World AVar gas<*s. It has 
been variously estimated that between 50 and 100 chemical .substances 
wore used as chemical-warfare agents during the war. These may be 
conveniently grouped into the general classes: 



ClHSHes 


Typical r»s | 
used 1)V Allies j 

i i 


Typical gas j 
used by i 

Germans 


Casualty 

effects 


I. l..Hcrim:itors 


Bnmiacct(»nc 


T-Htoff 


Ntme 


II. injunints 


Phosgene 


: Green C'rus.s 


i Fatal 


Ill, Yc^icHMts 


Mustard 


i Yellow t’mss 


j St‘riously incapacitating 


IV. StenmtutorK 


; None 


; Blue <‘ros.s 

1 


1 .*>liKhtly iucupacitating 



Reliable statistie.s .*<howing the numlMT of ea.sualties inflictetl by tlie 
various gases are not available. Aside from the British and American 
medical records, it docs not apfiear that any effort wa.s made in tbe World 
War to classify gas casualties in accordance with the kind of gas. There 
is, however, general agreement among the principal iiaticms in the World 
War that mustard gas caused by far the majority of the gas ca.sualti<?s. 
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In the British Army 124,702 out of a total of 188,706 gas casualties 
(66 per cent) were due to mustard gas. In our own army the segregation 
is not quite so clear, as ^^^ll be from Table XXI 



Table XXI. — Battle Injuries by G.vses in A.E.F. 
(Bused on Hospital Admissions*) 







.Adni Unions ! 


Deaths 


Case 


Kind of gas 


Class 


Xtnii- Per 
ber i cent i 


Xuni- 

ber 


Per 

cent 


fatality', 
per cent 






33.587 47. 


540 


44.7 


1.03 


Mtistanl gas 


111 


27.711 39.3 


599 


49 0 


2.16 


Phosgene gas 


11 


j G.834' 9 7, 


00 


5.4 


' 0.97 


Chlorine gas 


11 


1 1.843 ‘2 AS 


7 


, 0.0 


, 0.38 


.\reiiic gas 


IV 


1 577 0.8 


3 


0.3 


0.52 






1 ■ ' 






1 


Total 




170.552; 100.0 


1 ,221 


100 . o' 1.73 




■ ■■ 









* ExcludinK United State* marinea aorvinK with .A.E.F. 



The information contained in Table XXI is not in a very satisfactor 3 ' 
form and nmls .some revision in order to be properlj’^ evaluated. In the 
first place nearly one-half of the casualties reported are unclassified as to 
kind of ga.s. Then there i.s included a numl>er of ca.sualties charged to 
chlorine when, as a matter of fact, there is no known instance of when* 
this gas was ever used against the American Army. Chlorine was onb' 
u.sed in cloud-gas attacks and there were no .^uch attacks against our 
troops in France, except possibly those .serving with the British and 
French armies. Finally, the fatality rates in the la.st column of Table 
XXI make it appear that mustard gas was the most deadly of the war 
ga.ses, when, as a matter of fact, it is quite generally known that phosgene 
was by long odd.s the most deadly gas and mustard was relatively' low in 
fatalities. 

The author accordingly believes the following revi.sion of Table XXI 
would give a clearer picture of the actual facts. First, the chlorine 
casualties an? merged \\*ith the phosgene, as the nearest allied tyfie, and 
the one which most probably was actually' used and caused the casualties 
charged to chlorine; then the unclassified cas(*.< arc distributed in propor- 
tion to the relative casualties for the known ga.ses, including the U.S. 
Marine casualties (Table XIX); finally*, the 200 battle deaths from gas 
ai*e added to the pho.sgene deaths since mustard has a delayed effect 
which would practically' preclude battlefield deaths. Our gas casualties 
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in tho war flion appear as follows: 
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Table XXII. — liATfLE Caboaltieb bv Gabes in A.E.F. 
(Based on Author’s Estimates*) 



Kind of gas 


Class 


Nonfatal 


1 Deaths 


Case 
fatality, 
per cent 


1 

Num- 

ber 


Per 

cent 


1 

Num- 

ber 

j 


Per ; 
cent 


Mustard gas 


III 


153.500 


75.0 


1.114 


76.2 


2.04 


Phosgene gas 


II 


il6.700 


23.4 


342 


23.4 


2.50 


Arsine gas 


IV 


1,145 


1.6 


1 ' 


0.4 


.53 


Totals 

i 


i 


71,345 


100.0 


I ! 

1 1.462j 


100.0 


2.01 



• Including Unit«d Stateti luarinm ser\*itiit with A.E.F, 



A comparison of Tables XXI and XXII shows that, whereas in the 
former only 39.3 per cent of our ga.s casualties were charged to mustard 
ga.s, in the latter 76 per cent were so identified. This last percentage 
slightly exceeds the British experience (66 per cent mustard casualties) 
and is in veiy*^ close agreement with the French experience with an esti- 
mated los.s from mustard gas between 75 per cent and 80 per cent of their 
gas casualties. As high as these mustard-gas percentages were, they were 
(erroneously) thought by the Germans to be even higher. Thus, 
Hanslian (20, page 20) says: *‘We assume that the lo.sses of the Allies 
through the Yellow Cross (mustard) shells were eight times as great as all 
the losses caused by the other gases. 

THE AFTEREFFECTS OF CHEMICAL WARFARE 

Up to this point we have considered the war effects of chemicals; but 
what of the aftereffects? Much time and effort have been expended in 
the years since the war in thoroughly investigating this subject, not only 
bc’cause it i.s important from a medical point of view, but also to settle 
the moot question as to whether gas really caused serious permanent dis- 
al)ilitie.s, or predisposition toward such diseases as tuberculosis. A large 
amount of evidence has been gathered and carefully sifted and evaluated 
/«) that today these matters are no longer in doubt. Medical officers and 
sc’ientists who have studied the data concerning this question are unani- 
mous in their judgment that gas does not leave permanent disabilities or 
predis])o.sing weakness to organic diseases. 

To go very deeply into this matter here would extend beyond the 
wo|)e of this chapter, but we cannot dismiss the subjei-t without a few 
ri’ferences to the leading authorities. 

Uiiquestionably, in this country the foremost authority on the medical 
asjiects of chemical warfare is Major General Harr>' I.. Gilchrist, Rtd., 
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late Chief of Chemical Warfare Service. General Gilchrist, then a 
Colonel of the Medical Department, wa.s detailed in the fall of 1917 as 
Chief Medical Advisor of the Chemical Warfare Service A.E.F., and 
served as such throughout the war. In 1917 and 1918 Colonel Gilchrist 
spent much time inspecting troops and hospitals, not only of the A.E.F., 
but also of the French and British armies, and so gained a comprehensive, 
first-hand knowledge of the effects of battle gases during the progress of 
the War. After the War Colonel Gilchrist also devoted much time to an 
exhaustive study of the aftereffects of gas poisoning and has published 
.several very illuminating papers on this subject. We cannot, therefore, 
do better than to quote a few extracts and conclusions from this eminent 
authority. 

First, we shall consider blindness. It was frequently as.serted during 
and jq^t after the war that gas caused permanent blindness. General 
Gilchrist studied this matter very carefully and reported that, of the 
812 ca.ses of blindness in the A.E.F., 779 (96 per cent) were traceable to 
weapons other than gas, while gas caused only 33 cases (4 per cent). 
Since gas was responsible for about one-third of our nonfatal casualties, 
it is obvious that the percentage of cases of blindness from gas were far 
below the general percentage of gas casualties, and. therefore, blindness 
as a re.sult of gassing was relatively infrequent. 

Next, we .shall consider tuberculosis. It wa.s claimed that gas <*aused 
a marked predisposition toward tul>erculosis, especially among those 
gassed by the lung-injurant ga.ses. General Gilchrist, in collaboration 



with doctors from the U.S. Veteraas^ Bureau, examined the serv’ice records 
and clinical histories of nearly three thousand veterans with the following 
T'esults: 

Ainong the noteworthy effects of poison gas, as disclosed by the analysis of these 
cases, are the following: Preponderance of effects on the respiratoiy* organs; the com- 
parative rarity of jiersistent effec*ls on the eyes and upper respiratory passages, and the 
greater proportion of <leaths from the immediate or recent effects of mustard ga.s, while 
in its remote effects there is hut little or no difference from those of chlorine or phos- 
gene; and the death rale from p\ilmonar>' tulH^rculosis from it, over a period in excess 
of five years is less than the death rate ^ shown in the census report of 1920 for males 
of corresponding agf«. 

General Gilchrist then says, “The clinical experiences of many who 
have given thi.s subject thorough study, as well as reports from lalx>ratory 
experiments, now furnish eA'idence sufficient to serve the purpose of con- 
vincing anyone that pulmonary tuberculosis is not a common effect of 
gas poisoning and certainly not one of its later effects.'* 

This opinion is confirmed by many able investigators in this field, a.s 
indicated by the references cit«d by General Gilchrist/ while the 
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Surgeon General’s Report for 1920 contains the following conclusive 
paragraph : 

One hundred and seventy-three cases of tuberculosis occurred during 1918 among 
the 70,662 men who had been gassed in action. Of this number, 7 % had been gassed 
by gas, kind not specified; 8 by chlorine; 65 by mustard; and 22 by phosgene. The 
itumbcr of cases of tuberculosis for each 1,(X)0 men gassed was 2.45. Since the annual 
rate of occurrence for tuberculosis among enlisted men sending in France in 1918 was 
3.50 and in 1919, 4.30 per 1,000, it would seem to be apparent that tuberculosis did 
not occur any more frequently among the soldiers who had been gassed than among 
those who had not been. 

From this evidence, General Gilchrist concludes: 

The alwve is a most remarkable showing. In brief, it shows that in the year 1918 
there were one and one-half times as many cases of tuberculosis per 1,000 among all 
troops in France as there were among those gassed, and that in 1919 there were more 
than one uiid three-fourths times as many tuberculosis cases per 1,000 among all 
troops as there were among the gassed troops. Tltis means that if gassing were not 
an actual deterrent to tuberculosis the small percentage of tubercular coses among the 
gassed can only he accounted for through the case of those patients in hospitals. 

The total absence of direct sequential relation between gas poisoning 
and tuberculosis in the A.E.F. was also found to be true for the British 
Army in France. Quoting again from General Gilchrist: 

The following analysis of information supplied by the ministiy of pensions shows 
the general character of the more protracted disabilities seen after gas poisoning, it 
being impossible to distinguish in the records the precise type of gas by which each 
casualty was briginaliy caused. 

During the 12-month period, August 1919-1920, the resurvey boards made 
26,156 examinations of cases of gas poisoning. Many of these men were examimKl 
more than once during that period, and the total number of individual cases examined 
is calculated to have been al>out 22,000. But of this numher 3,130 were at once 
classed as “nil,” since they showed no disability, leaving the total number of pen- 
sioners as alK>ut 19,000. 

The known total of gas casualties in British .\riiiy is 180,983. But many of those 
were men who were gassed more than once, on each of which occasions a fn?«h easualt\’ 
would be reported. It is impossible to determine the proportion of these, and the 
number of survivors from the parly chlorine attacks is also unknown. As a reasonable 
approximation one may a<*cept 150,000 as the total imniber of individuals sur\dving 
after gas poisoning, many of whom were, of course, very mild cases. 

The number receiving disability pensions in 1920, two or more years after gassing, 
was approximately 19,000; that is, about 12 percent of the total gas casualties. Gas 
poisoning was responsible actually for 2 percent of all the disabilities after the war. 
35 percent of all pensioners being classified as suffering from wounds and injuries and 
65 percent as suffering from diseases. 

The percentage tlcgree of disal dement from gas poisoning was generally low, as 
shown by actual usscssmeuts in a consecutive group of 2,416 examinations made by 
boards in a period of four weeks during September, 1920. 
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General Foulkes, Chief of British Gas Sert ioe in France, also give:* 
some very impressive eA'idence on this subject . Two-t hird.s of t he Brit i.sh 
gas casualties were from mustard gas; concerning these castialties General 
Foulkes says: 

I have mentioned the low mortality atmmgKt mustard-gas casualties; but it is ii<»t 
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m widely |cIlo^\'n that of the 97 percent which survive ver>' few are rendered per- 
manently unfit in the end. Towards the close of tlie war an exainiiuttioii of the 
medical records of 4576 of these cases which had been sufticit*ntly severe to l>e sent to 
Kufdaiid fir treatment (and were thei*efore rather more severe than the averafcoi 
showed that 28.5 percent were tninsferred direct to Reset^ e battalions and 00 percent 
to convalescent depots — a total of 94.5 pen'cnt— within nine w«»ks of their arrival. 
Out of the total in this scries of cases only 0.7 percent died; 9.4 pen*ent were clasaified 
an peniinnently unfit; and less than 2 iHTcent were reduced from Class A to a lower 
catCRory. In fact, apart fnuu almut 2 percent which may l>v pn^uined to have diet! 
in Franco (to make up tht average nionniity of 2h, perreiit only alKuit 3 percent of 
the remainder were any the worse, say, after three numths. I hove repitMlueefl this 
re<*ord because very mistaken ideas are hold, even now. id’ the terrible effects of this 
jeas. Even such a caridul writer as Mr. H. G, Wells has stated recently tin his 'History 
of the next 100 years’): “It is doubtful if any of those afiected by it ’’ (mustard gas) 
“were eVer completely curetl. Its maximum effect 'va.« rapid torture and death; its 
ininiiuum, prolonged misery anti an abbreviated life,” 

HUMANITY OF CHEMICAL WARFARE 

Much ha.s been written both during and since the World War coneern- 
ipg the horrors of gas warfare and the cniel and inhuman eon.«equences 
resulting from its u.'^.s. After a careful study of this matter and a close 
analysis of the casualties produced in the war, we now know the facts 
concerning the effects of gas and .'«ee that nnicli of the alleged horrors of 
gas warfare were pure proiioganda, deliberately dis.«eminated during the 
World Wat- for tlie purpose of influencing neutral w(»rld opinion, ahd had 
little sincerity or foundation in fact. 

The mea.mre of humaneiie.ss of any form of warfare is the comparison 
of (1) degree of suffering cau.<ed at the time of injury by the different 
weaixins; the percentage of deatlis to the total number of casualties 
produced by each weapon; and the ]>ermanent aftereffects resulting 
from tlie inj\u*ies inflicted by each particular meth<»d of warfare. 

In general, gas causes less suffering than wounds from other weapons. 
It is unquestionably true that chlorine, tlie first gas u.<ed in the late war. 
<lid at first cause strangulation witli considerable pain and a high m<»r- 
tality. But this was due mainly to the fact that the troops against whont 
tijese first gas attacks were latiucht'd were totally improtcct«‘d. Later 
when supplied with gas masks, chlorine became the mo.st innocuous of 
the toxic gases and was the least feared by both sides. 

The two other principal lethal gases used in the war, phosgene and 
clilorpicrin, when employed in high coneentrations, caused in.<tant col- 
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lapse with no suffering. With lower concentrations there is no pain. 
Tlie pain caused by mustard gas is always delayed and depends upon the 
concentration, length of exposure, and parts affected. The very fact of 
the delay of several hours in the effects of mustard gas usually means that 
the soldiers are able to obtain medical treatment by the time the symptoms 
appear and much can be done to relieve the suffering. On the other hand, 
suffering from other wounds commences at once, and frequently wounded 
men have to endure hours of agony before medical ud can reach them 
and allay their sufferings. 

Among those gassed the sufferings are less severe and of shortc'r dura- 
tion than among those wounded by other war weapons. With the iung- 
iifjurant gases the casualties are fairly out of danger in 48 hours, while 
bums from mustard gas, although not painful after the first 24 hours, 
often hospitalize a man for several weeks. On an average, the period 
of haspitalization from gas was only about one-half that of those wounded 
by other weapons. 

As to the ratio of deaths to total casualties, we have already shown 
that the mortality among those wounded by nongas weapons was over 
12 times the mortality from gas, and further elaboration on this point 
seems unnecessary. 

Finally, as to the relative aftereffects of gas as compared to other 
wounds, there can be no question. Gas not only produces practically no 
permanent injuries, so that if a man who is gassed survives the war, he 
comes out body whole, as Cod made him, and not the legless, armless, 
or deformed cripple produced by the mangling and rending effects of 
high explosives, gunshot wounds, and bayonet thrusts. 

If any one has the slightest doubt on this point, he has only to take 
one glance at the horrible results of nonfatal gunshot wounds, as illus- 
trated on Plate I of Colonel Vedder^s book, '*The Medical Aspects of 
Chemical Warfare”# 

History reveals that the death rate in war has constantly decreased 



an methods of warfare have progressed in efficiency as the result of scien- 
tific progress. Chemical warfare is the latest contribution to the science 
of war. The experience and statistics of the World War both indicat<* 
that it is not only one of the most efficient agencies for effecting casualties, 
but is the most liumane method of warfare yet devi.s<*d by man. 



INCREASING USE OF GAS DURING WORLD WAR 



One of the most convincing e\ idcnces of the effectiveness of chemical 
warfare was its rapidly increasing us<? as the World War progret^^xl. 
This is strikingly illustrated in Chart XIX, which shows the amount of 
gas and gas shell used on l>oth sides during each year of the war. 
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Owing to the large number of casualties which the Germans scored 
agiunst the British and French nidth Yellow Cross (mustard) shell in the 
summer of 1917, and the great success attained against the Russians by 
their Colored Shoots, (mixed Green, Blue, and Yellow Cross shells) in the 




fall of 1917, the Germans based the artillery preparation for their great 
offenaves in the spring of 1918 on the use of gas shell. Thus gas shell, 
which in 1915, 1916, and 1917 were used only in special operations for 
producing casualties and in the general harassment of troops, by the end 
of 1917 had become so effective that they were incorporated as an impor- 
tant part of the compndiensive tactical plans for the 1918 offensives. 
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In their first great offensive against the^British in March, 1918, the 
Germans conducted a ten days’ artillery bombardment in which they 
used over a half million gas shells (mostly Yellow Cross). In the ensuing 
attack which opened on Mar. 21, the Germans massed 1,705 batteries^ 
(about 7,500 guns) on a 44-mile front between Arras imd La Fere and 
bombarded the British intensively for 5 houp^. In this bombardment 
25 to 30 per cent of the artillery shell were gas^ General 

Ludondorff says of this attack: ”Our artillery relied on gas for its 

effect.” , . n 

Tlie importance which the Germans attached to the one of gas sheUs 
in the artillery preparations for their great offensives in the spring of 
1918 is further illustrated in a captured order pf the German Seventh 
Army, dated May 8, 1918, which prescribed the proportions of gas shell 
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to he used for the atfaek on the Aisno on May 27th, ns follows: 

a. CountMwtterj' ami loiiK-range liombardnu^nttii; 

Blue Cross. 70 per com; Green Cross, 10 j>er cent; H.E., 20 per cent. 
h. Aguinst infantry; 

Blue Cross, 30 per cent; Green Cross. 10 per cent; H.E., (H) per <-enl. 
c. In the “Iwx barmjee:'’ 

Blue Cross, fiO per cent; Green Cro.ss. 10 per cent; H.E.. 30 jM-r cent. 

Xo \ello^^ C rotss shc‘ll wore used iminediiitely jireeediiig hii attack. 

In commenting on the great German offensive.^ of 1918, General 
Schwarte .says: “During the l>ig German attacks in 1918, gn.s was used 
against artillerj^ and infant r>^ in quantities which had never been seen 
before, and even in open warfare tin* troops were soon asking for gas." 

E^en after they were forced to take the defensive, the Germans con- 
tmu(Hl to use a large pt’rcentage of gas shell, particularly^ Yellow Cross. 
Thus General Harth*y , referring to the German retreat in the fall 
of 1918 says: 



^oll«^v Crt.sj. Hliell were uned imu-h further ftuwnrd tlian previously. . . . The 
eueiiiy attempted to create au impassable zone in from of oiir foiwanl iM>sitions bv 
ti.eatis ol nmstard gas, . . . In Yellow Cross they had an e.vtreinelv fine defeUsix-e 
weapon; wlmli they did not use to the f>est advantage. 



The enormous eonsmtiption of artillery gas shells by the Germans in 
1918 gradually became such thtit tiny were no longtT able to supply the 
demands, althougli, aeeordiiig to General Sehwarte, at the time of the 
Armistice Germany wa.s manufacturing nnmfhly almost 1,(MM) tons of 
^ ellow Crtxss (musttird) alone. 

Commenting on tins situation. Lefebure writes: 



The normal eslabli.shment of a German divisional ammunition dump in July, 1918. 
contained about 50 jmt com gas sbell. The dumps captured lat<‘r in the vear ron- 
lamH from 30 per cent to 40 per cent. ^These figures are siguificanf, for they show 

how much importance the German Army attached to gas shell. When we think of 
the millions of shell and of the huge quantities of explosives turned out bv our own 
^ctones to fill them, and when wc realize that for a large miinber of gun calibem the 
Geniians us<h 1 as many shell filled with gas as witli explosive, some idea of the impor- 
taiiee of gas in the recent war and of its future possibilities eun be obtained. 



Confirming the shortage of German ga^ sliell at the time of the Armis- 
tice, General Fries says: ** Examination after the Armistice of German 
shell dumps <;aptured during the advance revealed less tlian 1 per cent 
of mustard gas shell." 

Throughout the war, with few exceptions, Germany maintained the 
initiative in chemical w arfare, owing prineipally to her immensely suijerior 
chemical industry. Concerning this .subject, Lefebure savs: 



As a gcnerel rule where the German lag l,ctw«.u the approval of a substance 

and Its use in tlie field eoveriHlw fi'ks, our lag eoverwl months. . . . The Germans used 

mustard gas in July, 1917. Jiut the first fruits of allied production were not in the 
field for eleven months. British material was not used until a month or two before 
the Annistice. 



And so the chemioal warfare efforts of the Allies consisted largely of 
retaliatory measures in Itclatcd at tempt. s to keep abreast of German 
initiative. For this rea.son the iiercentage of chemical shell in the German 
artillery-ammunition inogram iva.s always ah?ad of that in the Allied 
programs. 

At the time of the Arml^Jtice it is estimated that 50 per cent of the 
Gertnan, 35 per cent of the French, 25 per cent of the British, and 15 per 
cent of the American ammunition expenditure.-^ were chemical sh(*ll The 
American chcmical-shcIl program lugged con.<id(‘rahlv behind thase of 
the other belligerents on the Wc’st(’rn Front, i>rincij)allv because of pro- 
duction difficulties and the consequent luck of apiirer-iutioii of the advan- 
tage’s of chemical shell in battle. However, .shortlv before the Armistice* 
the American chcmical-.shell program was inercaWd to 25 per cent of 
the artillery ammunition program to be effective Jan. 1, 1919 . Gas- 
pr^ucing facilities in the United States w(*rc to be expanded so as to be 
able to provide 35 ix*r cent chemical shell in 1919, had the war continued. 

British ehcmioal-shell plans during the latter part of 
j 918. General Foulkes (12) writes: 



Ittsi denmnd^ tljc wur. dsusi 9th .\ugust llllS, for po .hell, and Ik, mbs for the Iftl!. 
mni,>a,gn. 20 percent to 30 ix-reem of all of artillery shells were to have ,h.m- 



laiiHHl guM, the majority mustard gab, and puiv lavliryniaturs wi-n- elimiiiati'd entiivh . 
Plmsgwu- aliells for the 18-pouiidor were demanded for th** first time, the intentitui 
lH*ing til employ them in the moving barrage, not beeaube any h*tba! i-tVeet was 
exj>eoti*<l from them, but heenusc it has been so often found advant.-igi'oiis to nnnpi-l 
the emnuy to inoi-t our assaulting ttwps with tlieir masks on. 
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Of the German chemieul-shell jirogram in 1918, Dr. MiinUeh 
says: *^In the year 1918, German Headquarters ordercil 50 % gas aiuinuni- 
rion and 50% high explosive am munition for the ariilh*ry." 

All in all, it is clear from the plans of both side’s lluit, had IIm' war 
continued for anotluT year, tlu^ eainpaign of 1910 woulil have b<‘en largely 
a chemical war, I his phenomenal rise of chemicals from an iinknowti 
obscurity in 1915 to the position of a military agent of Mie first magnitmh* 
in 1918 i.s without parallel in the Itistory of warfare. 
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CHAPTER XX\1 
CONCLUSION 

We have shown that chemical combat is a new mode of warfare which 
for the first time in recorded history departs from the physical blow a.s 
the fundamental principle of battle. Of all modern weapons, chemicals 
are destined to exert the most far-reaching effect in shaping the future 
character of warfare, for the action of chemicals over the areas in which 
they are employed is per^^ading as to space and is enduring in point of 
time, so that if aircraft may be said to have carried war into the third 
dimension, chemicals have extended it to the fourth dimension and no 
man can measure their ultimate possibilities. 

D^pite its crude and hastily impro\*ised development, the remarkable 
effectiveness of chemical warfare was fully demonstrated in the World 
War, and clearly indicates that we are on the threshold of a new era in 
the evolution of war — an era of chemical rather than physical combat. 
Whereas in the late w*ar, existing arms were employed to disseminate 
<’hemicals in addition to projectiles and explosives, in the future we may 
exi)ect to see the requirements of chemical dissemination determine the 
cliaracter of the means employed in combat, and the resulting changes 
in armament will be more far-reaching than those brought about by the 
advent of gun powder. 

We have also seen that chemical warfare is the most humane method 
of waging war heretofore employed, for by the use of chemicals not only 
may an enemy be overcome without annihilation or permanent injury, 
but the suffering caused by chemical action is, on the whole, far less 
than that resulting from the dismembering violence of explosives. 
Moreover, by chemical means alone may the blow be tempered and 
adjusted to the end in view, for with chemicals any effect can be produced 
from simple lacrimation to immediate death. 

Also, unlike other means of combat, chemical warfare can be con- 
trolled and confined to the battlefield unless deliberately used elsewhere, 
for the la^^ governing the behavior of gases are as definite and well 
understood as the law of graWty. 

While chemical combat immensely complicates modem war, it is 
susceptible to complete and adequate defense, and protection against it is 
essentially a matter of scientific skill. The chemical war of the future 
will, therefore, be primarily a contest between the scientific abilities of the 

c.ombatants, t.e., a contest of brains and not brawn. This simple fact 
alone holds out the greatest hope for the future of civilisation, for the 
destiny of man is safest in the hands of the most intelligent. One of the 
best safeguards of world peace today lies in an appreciation of the above 
facts and a consequent application of chemical resources to national 
defense. 

Much confusion in the international situation has been engendered by 
plausible but misguided attcQipts to prohibit the use of chemicals in war. 
The history of such efforts clearly indicates both their impracticability 
and undesirability. Impracticable, because the gases generated by 
explosives are so closely akin to the gases used in chemical warfare that 
only hairline distinctions can be drawn between them. Such refined 
differentiation is impracticable of enforcement under the stress of war, even 
if good faith exists on both sides. 

As was mtnessed in the World War, sooner y>r later one side or the 
other uill claim a violation of any treaty agreement against chemical war- 
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fare, because of a real or fancied encounter with toxic gases on the field 
of battle, such gases being impossible to exclude where high explosives 
are used. 

Even if a convention against chemical warfare were possible of 
enforcement in war, on what real grounds is such an action desirable? 
Three objections to chemical warfare have been urged by those opposed 
to it: (1), that it is inhumane; (2) that it cannot be controlled and con- 
fined to armies in the field, but \iill run wild and decimate nonconibatants 
and civilian populations generally; (3), that it is unsportsmanlike. 

The casualty records of the late war and the united opinion of the 
medical profession and foremost toxicologists have shown conclusively 
that chemicals are not only more humane than other weapons, but that 
chemic.il combat is the one form of organized force that can be regulated 
to bring about the subjection of an opponent with a minimum of violence 
and injury. This is exemplified in the now widespread use of chemicals 
for quelling civil disturbances. 

The experience of the World War and the results of extensive postwar 
experimentation have also shown the fallacy of the second objection — 
that chemical combat cannot be controlled and confined to the battlefield. 
Indeed, thi.'? evidence is so convincing, it may be safely said that the only 
danger to non combatants and civilian populations from chemical war- 
fare lies in the deliberate application of chemical weajwns to such uses. 
In this respect there is no more to be feared from chemic^als than from 
explosives and other weapons so misused. 

The third charge that the use of chemicals is unsportsmanlike is 
hardly of sufficient weight to warrant serious consideration. It doubtless 
arose out of the situation early in tfie war, when gas was first used against 
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an unprotected enemy and was thus conceived to confer an unfair 
advantage upon the user. Such a situation cannot occur in the future for 
no government worthy of the name can fail to take steps in time of peace 
to protect itself against chemicals in war, unless it is’ lulled into a false 
sense of security by adherence to a treaty convention against chemical 
warfare and blindly fails in its duty to protect its people. 

In the last analysis, war is not a sport, but a grim contest betw'een 
states for national existence. War, therefore, cannot be conducted by 
any code of sportsmanship, but only by the law of military necessity, 
how’ever much civilization may deplore the results. This being the case, 
the duty of any government is clear. It must take a practical and long- 
sighted view of the facts of war as they exist today ; it must do everything 
in its power to insure that its armies and its people shall not be without 
the best possible protection against all modern weapons; and its armies 
shall be ready to employ the most effective means to bring to a speedy 
and successful conclusion any future war into which it may unfortunately 
be drawn. 

What is chiefly needed today is a sane and rational outlook on the 
,ubject of chemical warfare, such as was voiced in one of the earliest 
suggestions concerning the use of toxic gas in, war. In an article on 
“Greek Fire,** which appeared in 1864, fifty years before the World War, a 
British writer saysj 

I feel it a duty to state openly and boldly, that if science were to be allowed her 
full swing, if society w-ould really allow that “all is fair in war/' war might be banished 
at once from the earth as a game which neither subject nor king dare play at. Globes 
that could distribute liquid fire could distribute also lethal agents, within the breath 
of which no man, however puissant, could stand and live. From the summit of 
Primrose Hill, a fe\i' hundred engineers, properly prepared, could render R^ent's 
Park, in an incredibly short space of time, utterly uninhabitable; dr could make an 
army of men, that should even fill that space, fall with their arms in their hands 
prostrate and helples.9 as the host of Sennacherib. 

The question is, shall these things be? I do not see that huniHiiity should revolt, 
for would it not be better to destroy a host in Regent’s P.trk by making the men fall 
as in a mystical sleep, than to let down on them another host to break their bones, teai 
their limbs asunder and gouge out their entrails with thri'e-cornored pikes; leaving u 
vast majority undeod, and w'rhhing for hours in torments of the damned? I conceive, 
for one, that science would be blessed in spreading her wings on the blast, and breath- 
ing into the face of a desperate horde of men prolonged sleep — for it need not 
necessarily be a death — which they could not grapple with, and which would yield 
them up with their implements of murder to an enemy that in the immensity of its 
power could afford to be merciful as Heaven. 

The question is, shall these things be? 1 think they must be. By what compact 
can they be stopped? It were improbable that any congress of nations could agree 
on any code regulating means of destruction: but if it did, it were useless; for science 



l>ecomes more powerful as she concentrates her forces in the hands of units, so that a 
nation could only act, by the absolute and individual assent of egch of her r«‘prc- 
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sentatives. Assume, then, that France shall lay war to England, and by superior 
force of men should place immense hosts, well armed, on English soil. Is it probable 
that the units would rest in peace and allow sheer brute force to win its way to empire? 
Or put English troops on iSench soil, and reverse the question? 

To oonolude. War has, at this moment, reached, in its details, such an extrava- 
gance of honor and cruelty, that it cannot be made worse by tai act, and can only be 
made more merciful by being rendered more terribly energetic. Who that had to die 
from a blow would not rather place his head under Nasmyth’s hammer, than submit 
it to a drummer boy armed with a ferrule? 

If the statesmen who control the destiniesi of nations could but achieve 
this enlightened viewpoint, the future of mankind would be far more 
Hocure. 
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APPENDIX 

RSLATIOir OF VOLATIUTT TO VAPOR PRSSSXTRB 

The vapor pressures of many chemical compounds are given in chemical literature 
under the ph\*sical properties of the compounds. If the ^'apo^ pressure of a gas at 
.any given temperature is known, the volatility of the substance may be obtained as 
follows: 

Let M - the molecular weight of the gas, in grams. 

Ti « the temperature (absolute) at which the vapor pressure is known. 

T ** normal absolute temperature •« 273*0. 

Pi - the vapor pressure at a temperature T, in mm. Rg. 

P * normal atmospheric pressure * 760 mm. Hg. 

Vi » volatility of the gas at a temperature T, in grams per liter. 

The gram molecule (t.e., the molecular weight of the substance expressed in grams) 
of any gas occupies 22.4 liters at 0*0. and 760 mm. pressure. 

Therefore 



V 



MTPt 

22.4 X reOT, 



Thus, the molecular wmght of phosgene is 09, its vapor pressure at 25*0. is 1,400 
mm. Hg, and its volatility at 25*0. is 



r W X 273 X 1,400 
" 22.4 X t60 X 298 



7.438 grams 



or 7.488 mg. per liter (see Ohart I, page 9). 

Proceeding as abo\’e, the volatility curve for any gas may be constructed from 
its vapor pressure curve, as shown in Chart I. 

RELATION OF VOLUMETRIC RATIOS TO WEIGHT RATIOS 

The <K>nceiit ration of a toxic gas in the air is variously stated as: (1) grams of gas 
per cubic meter of air; (2) milligrams of gas per liter of air; (3) ounces of gas per 

1.000 cu. ft. of air; and (4) parts of gas per million parts of air. In order to compare 
concentrations expressed in these different ways, it is necessaiy' and convenient to 
know the conversion factors, which may be simply stated as follows: 

Grams per cubic meter are numerically exactly the same as milligrams per liter, 
since a milligram is Hooo smn and a Uteris Hqoo cubic meter. 

Since 1 os. 28.35 grams and 1 cu. ft. * 28.32 liters, 1 oz. per cubic foot ^ 

1.001 grains per liter, and ounces per thousand cubic feet ■> l.OQl mg. per Uter. 
Therefore, ounces per thousand cubic feet arc numerically the same as miUigrams per 
liter to the third decimal place. 

I^rts per milUon are converted to milligrams per Uter as follows: 

I Uter of air at 0*C. and 760 mm. weighs 1.293 grams. 

1 cu. mm. of air at 0*C. and 760 mm. weighs 9.0001293 mg. 

For air, or any gas of the same denaity, 1 part per milUon (1 p.p.m.) would be 
1 oa. mm. per Uter. 
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Hence under standard conditions 1 p.p.m. of any gas of the same density as air 
would weigh 0.001293 mg. per Uter. 

But the average molecular weight of air « 28.9; for any other gas the figure 
0.001293 would vary in proportion to the molecular weight of the gas. 

Therefore, if M » molecular weight of a gas, P «• barometric pleasure, and T « 
the abaolute temperature, then 

M X 0.001293 X P X 278 

Milligrams per liter 28.9 X 760 X f 



This may be reduced to the following: 



MilUgrams per liter 



0.0000161ATP 

f 



p.p.m. 



or 
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CNclite, 135 

CSdindcrs, chemical, 52, 66 
I) 



l>-iStoff, 152 

Deaths, battle, VVorUI War, 652 
Definitions, 4 
Detectors, chemical, 566 
Dibromdimethy] ether, 164 
Dibroniethyl sulfide, 197 
Dichlordimethyl ether, 164 
Dichlorethyl sulfide (mustard gas), 178. 
637, 

Dick. 166, 180, 215 
Dimethyl gulfatc, 152 
Diphenylaminechlorarsine, 211 
Diphenylchlorarsine, 48, 204 
Diphcnylcyanaraine, 208 
Diphosgene, 157 
Disabiitty, discharges for, 670 
Dispersion of chemicals, 55, 57, 58 
Dose, lethal, 17 



£ 



EhiiylbrQmacetafe, 132 ’ 
Ethyicarbazol, 211 
Ethyidibromarsine, 215 
Bthyldichlornreine, 166, 189. 215 
Ethyliodoacctate, 138 
£thyl8ulfur>*l chloride, 151 



V 



F-Sioff, 140 

Flame-projector liquids, 260 
Flammable materials, 259 
FM, 240 

Formula, Haber’s, 12 
Leitner’a, 21 
Fraissitc, 139 

French clossificAtlon, chemical agenta, 114 
FS, 238 



G 



Ghs, battle, manufacture during World 
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War, 6(11 

iwed ill World War, {>56, 062 
oharacteristici^, i-4 

defensive, ideal requirements of, 48 
definition, 4 
duration of efferts, 43 
Imrassinp;, ideal requirements, 48 
identifieation of, 505 
increasing use during World War, 
680-(i84 

insidiousness of, 43 
intolerable limit, 15 
invisibility of, 44 
multiple effects of, 42 
mustard, 178 
odorless, 45 

offensive, ideal requirements, 47 
penetrability, 44 
persistency, 43 
pure, liquids and solids, 19 
toxic, used in battle, 656 
toxicity of, 41 
volatility of, 44 
vomiting, ICl 

Gas attacks, conditions favorable for, 
in World War, 662-667 
Gas clouds, compared with smoke, 69 
elements of, 59 

Gasi^, relation to commertdal chemicals, 

relative casualty value, 661, 662 
summari’, 217 
Grenades, gas, 51, 295-299 
incendiary, 302, 303 

H 

HC Mixture, 245 
High explosives, 1 , 2 
Homomart onite, 136 
Humidity, definition of, 31 
effect of, 31 ^ 

Hydrocyanic acid, 171 
Hydrolysis, definition, 8, 40 

I 

Incendiarj' agents, classification, 248 
definition. 4 

flammable materials, 259 
future of, 261 
history, 249 
liquids, 252 

oxidizing combustible mixtures, 257 
solid.s, 251 

.substances used, 251 
Incendiary weapons, 261 
Incendiaries, purpose of, 46 
requirements for ideal, 49 
Infantry, chemical armament, 295 
ehernical technique and t«ctics, 295 
lodoacetone, 137 
Irritant agents, definition of, 5 
intolerable limit, 18 
respiratory, 201 

Irritant gases, 112-115, 121, 201, 216- 
219, 663 
definition, 5 

irritant smoke clouds, 26 
Irritants, tolerance to, 18 

K 

K-Stoff, 152 
KJ, 238 
Klop, 140 

L 

Kacrimators, comparative strength, 144 
definition, 5 
future of, 145 
toxicity, 145 



I.4iPrimatory agents, 113-116, 122, 129 
217, 663 

comparative strength. 144 
future of, 145 

I^kehurst Proving Ground, 84 
Ix^thal agents, definition, 4 
IvCthal indices, 14, 16 

Lewdsite, 190 

Limits, wind and safety, 28 
Liquid, inflammable, 252 
Liquid fire, 252 
Liquids, flame projwtor, 260 
gas, 19 

Livens projectors, 52 
Lost, 178 

Lung injurants, comparative toxicities, 
115, 147, 169, 217 
definition, 5 
future of, 169 
use of, in World War, 168 
in World War, 148 
Lung irritants, 113 

M 

Manganite, 171 
Manufacture, ease of, 36 
Marking systems, 123 
Martonite, 135 

Masks, gas, Army Sendee, American, 
547-5.T0 

care of, 562-564 
development, postwar, 543-547 
World War, 538-543 
diaphragm, American, 550-551 
dog, 552 
drill, 554-562 
horse, 552 



Palite, 152 
Papite, 139 

Penetrability, of chemical agents, 44 
Perchlorinethylmercaptan, 154 
Persistency, of chemical agents, 19-23, 
43, 116 
definition^ 10 
Persistent agents, 

Perstoff, 157 

Pheiiylcarbylaminechloride, 140, 163, 176 
Phcnyldibromarsine, 168 
Phony Id ichlorarsine, 165, 215 
Phenylisocyanide chloride, 163 
Philosophy of battle, 647 
Phosgene, 47, 73, 154-157, 536 
Phosphorus, 234, 251 
Physical state of chemical compounds, 38 
Polymerization of chemical compounds, 
37 

Pots, smoke, 303 

Precipitation, effect on chemicals, 30 
Pressure, atmospheric, 32 
Principles, basic, 3 

Projectiles, dissemination of i-hemicals 
by, 75 

Projection, chemical agents, 51 
methods. 54 

Protection, against chemu'al agents, 
collective, 567, 570 

individual, other than masks, World 
War, 533-538 
in World War, 564-56tl 

Protection, individual, World Wardeveb 
opment, 533 



Solid oil, 260 
Solids, chemical, 19 
inflammable, 251 
Spe<dfi<‘ gravity, of chemicals. 40 
Stornite, 165, 201 
Stermitators, 201. 663 
definition of, 5 
Stokes mortar, 63 

Sulfur trioxide, 236 
Sulfuric acid fuming, 237 
Sulfuric anhydride, 236 
SuKurvl c hloride, 238 
Sulvanite, 151 
Surpalite, 157 
SyinlK>ls, .5, 6, 7 
Sysieinie toxics, 116, 170, 218 
definition, 5 
future of, 176 



T^Stoff, 133 
Targets, 67 
Tear gas, 535 

Theater of operations, Chemical Warfare 
Service, 102 
divisions, 101 
zones, 54 
'I'hermife, 254 
modified, 256 
Tin tetrachloride, 23S 
Titanium lelnichloride, 240 
Tonite, 133 
T.O.P., 226 

Toxic agents, systemic. 170. 176 
Toxic concentrations, 6I 
definition, 4 



pigeon, 552 
u.se of, 553-554 
Materials, flammable, 259 
raw, 35 

.spontaneously inflammable, 251 
Maugaiiite, 175 
Moiling pfiint, 40 
Mothylchlorsulfouate, 151 
Methyldieiilomrsine, 196 
Melhylsulfury) chloride, 1.51 
Mineral compounds, 108 
Mixture, Hcrger, 241 
B.M., 243 

FS(SO, -I- SO. HCr*. 238 
HC, 245 

oxidizing, combusiilile. 257 
4-in. Stokes, 53 
Mixture, Type 8 smoke, 233 
Mustard gas, 48, 50, 178 

N 

NC, 140 

Xitrochloroform, 161 
Xomenclature, chemical agents, 6 
Nonpersistent agents, 26, 

O 

Odor of chemical agents, 45 
Oil, crude, 232 
solid, 260 
Oleum, 237 
Opacite, 238 
Operations, chemical warfare offensive 
and defensive, 

Organic compound^ 109 
Oxides, metallic, 254 

Oxidizing, combustible mixtures, 257 
Oxygen breathing apparatus, 551 



Ibiiige, relation to quantitv of chemicals, 
62 

liationite, 152 

Hequirements, of chemical agents, ideal, 
47 

tactical, 35, 41 
technical, 35 

Hespiratory irritant agents, 112, 201 
classification, 203 
iiomparative effectiveucHs, 216 
future of, 217 
use of, in World War, 216 
in World War, 203 

8 

S-Type smuk<‘ mixture, British, 233 
Solve, protective, 565 
Shell, chemical, artiller>% 

gas, used in World War, 658 
im^endiary, development, 47 
Shelters, gasproof, 568-571 
Silicon tetrachloride, 239 
SK, 138 
Smoke, 

candles and pots, development and use, 
303-309 

clouds, nature of, 61 
nature of, 224 
uhscuring ixiwer, 22<i 
production, principles of, 229 
screens, 27, 220 

Smoke agent, clas.'^ification, 220 
comparison, 246 
definition, 4 
future of, 247 
history, 220 
nature of, 224 
obscuring jwwer, 45, 226 



Toxic gases usecl in Worhl War, 656 
Tempeniture and clouds, eftWt in chcra- 
ical warfare, 29 

Toxi<*ily, eheinieal agents, 10, 41 
definition, 4 
relative, 14 

rriehlormethylchioroformate, 157 

Troops, special chemical, in World War, 
6.59 

Tul»erculo»is, caused by gas, 677 
\’ 

Vapor density, 41 
Vapor pressure, definition, 8 
Vesicant, definition, 5 
Vesicant agents, 113, 177, 198, 199, 218 
classification, 178 
I'omparison, 198 
future of, 199 
use of, in World War, 199 
Vincinnite, 171 
Vitritc, 175 

Volatility, of chemical agents, 44 
definition, 8 

W 

Weapons, comparison of, 3 
inceipliar>*, 261 
selection of, 33 
Weather conditions. 23 
Whither elements, 24 
VViiite ))hosphoriis < W.P.), 48. 234 251 
Wiiul, 24 
effect of, 26 

Wind and safety limits, 28 
X 

Xylyl bntmide. 133 



P 



n.‘<|uirenients for ideal, 4X 
substances used, 232 
Sodium, 251 



Y 

Yperite, 178 
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INDEX 
TM 31-210 



Armor materials 160 
Battery, short lasting 154, 
two hour 157 
Carbine, 7.62 mm 46 
Cartridge, rifle 61 
Cone charge, wine bottle 23 
Dust explosions 12 
Explosions, dust 12 
Fertilizer explosive 14 
Fire bottle, chemical 84, 

mechanically initiated 88 
Fuse cords, fast burning 118 
slow burning 119 

Gelled flame fuels, alcohol-lye 94 

alcol)ol-soap 96 
blooca 102 
egg 97 
latex 99 
lye 93 
wax 101 

Generator, automobile 152 
bicycle 150 
Grenade, nail 21 
pipe 19 

tin can land mine 25 
Gun, match 55 

Igniter, fuse, from book matches 108 
from book matches 86 
Igniter, delay, cigarette 110 
from book matches 86 
fuse, from book matches 108 
no flash, fuse 114 
Incendiary, acid delay 104 
Initiator, electric bulb 106 

for dust explosions 12 



Launcher, fire bottle 73 
grenade, 70, 77 
recoilless 63 
rope, grenade 148 
shotgun, grenade 65 
six mm mortar projectile 81 
Mine, mortar, scrap 27 
Nitric acid 9 
Pistol, pipe, .45 cal. 52 
9 mm 36 

Plastic explosive filler 5 

Potassium nitrate 6 

Primer, reusable 50 

Propellant, red or white powder 16 

Recoilles launcher 63 

Scale, improvised 146 

Shaped charge, coke bottle 30 

cylindrical cavity 33 
Shotgun, 12 guage 40 
Shotshell dispersion control 44 
Switch, altimeter 141 
clothespin 133 
flexible plate 137 
knife 145 
metal ball 139 
mousetrap 135 
pull-loop 143 

Time delay, can liquid 124 
dried seed 116 
grenade 122 
long term 129 
short term 126 
watch 112 
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IMPROVISED MUNITIONS 

handbook 



TABLE OF CONTENTS 

Section 

I EXPLOSIVES AND PROPELLANTS 
(Including Igniters) 



special warfare work. This Manual includes methods for fabricating 
explosives, detonators, propellants, shaped charges, small arms, 
moftars, incendiaries, delays, switches, and similar items from indige* 
nous materials. 

2. Safety and Reliability 

Each item was evaluated both theoretically and experimentally to 
assure safety and reliability. A large number of items were discarded 
because of inherent hazards or unreliable performance. Safety warnings 
are prominently inserted in the procedures where they apply but it is 
emphasized that safety is a matter of attitude . It is a proven fact that 
men who are alert, who think out a situation, and who take correct pre- 
cautions have fewer accidents than the careless and indifferent. It is 
important that work be planned and that instructions be followed to the 
letter; all work should be done in a neat and orderly manner. In the 
manufacture explosives, detonators, propellants and incendiaries, 
equipment must be kept clean and such energy concentrations as sparks, 

k 

friction, impact, hot objects, flame, chemical reactions, and exces- 
sive pressure should be avoided. 



II MINES AND GRENADES 

III SMALL ARMS WEAPONS AND AMMUNITION 

IV MORTARS AND ROCKETS 
V INCENDIARY DEVICES 

VI FUSES, DETONATORS & DELAY MECHANISMS 

VII MISCELLANEOUS 

FRANKFORD ARSENAL 



These items were found to be effective in most environments ; 
however, samples should be made and tested remotely prior to actual 
use of assure proper performance. Chemical items should be used as 
soon as possible after preparation and kept free of moisture, dirt, and 
the above energy concentrations. Special care should be taken in any 
attempt at substitution or use of items for purposes other than that spec- 



ified or intended. 



5 



Section 1 
No. I 



ELASTIC EXPLOSIVE FILLER 



A pUftic explosive filler can be made from potassium chlorate 
and petroleum jelly. This explosive can be detonated with commer> 
*:iar#8 or any military blasting cap. 



Philadelphia Pennsylvania 

3 

INTRODUCTION 



MATERIAL REQUIRE D HOW USED 

Potassium chlorate Medicine 

Manufacture of matches 



1 . Purpose and Scope 



Petroleum jelly (Vaseline! Medicine 

Lubricant 



In Unconventional Warfare operations it may be impossible or un- 
wise to use conventional military munitions as tools in the conduct of 
certain missions. It may be necessary Instead to fabricate the required 
munitions from locally available or unassuming materials. The pur- 
pose of this Manual Is to increase the potential of Special Forces and 
guerrilla troops by describing in detail the manufacture of munitions 
from seemingly innocuous locally available materials. 

Manufactured, precision devices almost always will be more effec- 
tive, more reliable, and easier to use than improvised ones, but shelf 
items will just not be available for certain operations for security or 
logistical reasons. Therefore the operator will have to rely on mate- 
rials be can buy in a drug or paint store, find in a junk pile, or scrounge 
from military stocks. Also, many of the ingredients and materials used 
in fabricating homemade items are so commonplace or innocuous they 
can be carried without arousing suspicion. The completed item itself 
often is more easily concealed or camouflaged. In addition, the field 
expedient item can be tailored for the intended target, thereby pro- 
viding an advantage over the standard item in flexibility and versatility. 

The Manual contains simple explanations and illustrations to permit 
construction of the items by personnel not normally familiar with making 
and handling munitions. These items were conceived in-house or, ob- 
( tained from other publications or persoimel engaged in munitions or 



Piece of round stick 

Wide bowl or other container for 
mixing ingredients. 

PROCEDURE 



I, Spread potassium chlorate 
crystals thinly on a hard surface; 
Roll the round etick over crystal! 
to crush into a very fine powder 
until it looks like face powder or 
wheat flour. 
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Section I 
6 No. 2 
POTASSIUM NITRATE 

Potassium nitrate (saltpeter) can be extracted from many natural 
sources and can be used to make nitric acid, black powder and many 

pyrotechnics. The yield ranges from . 1 to 10% ly weight, depending 3 . Place dirt in bucket, 
on the fertility of the soil. 



MATERIALS 

Nitrate bearing earth or other 
material, about 3-1/2 gallons 
(13-1/2 liters) 



Fine wood ashes, about 1/2 cup 
(1/8 liter) 



SOURCE 

Soil containing old decayed 
vegetable or animal 
matter 

Old cellars and/or brm 
dirt floors 

Earth from old burial 
grounds 

Decayed stone or mortar 
building foundations 

Totally burned whitish wood 
ash powder 

Totally burned paper (black) 



Bucket or similar container, about 
5 gallons (19 liters) in volume 
(Plastic, meUl, or wood) 

2 pieces of finely woven cloth, each 
slightly larger than bottom of 
bucket 

Shallow pan or dish, at least as 
large as bottom of bucket 
Shallow heat resistant container 
(ceramic, metal, etc.) 

Water - 1-3/4 gallons (6-3/4 liters) 

Awl, knife, screwdriver, or other 
hole producing instrument 
Alcohol about 1 gallon (4 liters) 

(whiskey, rubbing alcohol, etc.) 

Heat source (fire, electric heater, etc.) 

Paper 

Tape 

NOTE; Only the ratios of the amounts of ingredients are important. 
Thus, for twice as much potassium nitrate, double quantities used. 

7 

PROCEDURE: 



1. Punch holes in bottom of bucket, 
holes inside of bucket. 



Spread one piece of cloth over 




Cloth 




2. Place wood ashes on cloth and 
spread to make a layer about the 
thickness of the cloth. Place 
second piece of cloth on top of ashes. 




4. Place bucket over shallow 
container. Bucket may be sup- 
ported on sticks if necessary. 




Bucket 



Shallow 

Container 



5. Boil water and pour it over earth in bucket a little at a time. 
Allow water to run through holes in bucket into shallow container. Be 
sure water goes through yi of the earth. Allow drained liquid to cool 
and settle for 1 to 2 hours . 

NOTE: Do not pour all of the water at once, since this may cause 
stoppage. 

6. Carefully drain off liquid into heat resistant container. Discard 
any sludge remaining in bottom of the shallow container. 



Improvised 
Strainer 

7 , Boil mixture over hot 
fire for at least 2 hours . 

Small grains of salt will 
begin to appear in the solu- 
tion. Scoop these out as 
they form, using any type 
of improvised strainer 
(paper, etc.). 




Heat Source 



8. When liquid has boiled down to 
approximately half its original vol- 
ume, remove from fire and let sit. 
After half an hour add an equal vol- 
ume of alcoh<d. When mixture is 
poured through paper, small white 
ciystals will collect on top of it. 




Cloth 



. — ^ re-aesoive uie ary crystals in the 

smaUest possible amount of boUed water. Remove any salt crystals 
that appear (Step 7); pour through an improvised filter made of several 
pieces of paper and evaporate or gently heat the concentrated solution 
to dxyness, 

10. Spread crystals on flat surface and allow to dxy. The potassium 
nitrate crystals are now reacfy for use. 
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. Section t 
9 NO. 4 
NITRIC ACID 

Nitric »eid it used in the preparation of many explotivet, incendi- 
ary mixtures, and acid delay timers. It may be prepared by distilling 
a mixture of potassium nitrate and concentrated sulfuric acid. 
MATERIAL REQUIRED: SOURCES: 



Potassium nitrate (2 parU by 
volume) 

Concentrated sulfuric acid ( 1 part 
by volume) 

2 bottles or ceramic )ugs (narrow 
necks are preferable) 

Pot or frying pan 

Heat source (wood, coal, or char- 
coal) 

Tape (paper, electrical, masking, 
etc. but not cellophane) 

Paper or rags 

IMPORTANT: If sulfuric acid is obUined from a motor vehide batteiy, 
concentrate it by boiling it until white fumes appear. DO NOt INHALE 
FUMES. 

NOTE: The amount of nitric acid produced is the same as the amount of 
poUssium nitrate; Thus, for 2 tablespoonsful of nitric acid, use 2 
Ublespoonsful of poUsslum nitrate and 1 toblespoonsful of ccncentrated 
sulfuric acid. 



Drug Store 

Improvised (Section |, No. 2) 
Motor vehicle batteries 
Industrial planU 



PROCEDURE: 

1. Place dry potassium 
nitrate in bottle or jug. Add 
sulfuric acid. Do not fill 
bottle more than 1/4 full. 
Mix until paste Is formed. 



Bottle or 
Jug, less 
than 1/4 
Full 




Paste of 
PoUssium 
Nitrate and 
Concentrated 
Sulfuric Acid 



CAUTION: Sulfuric acid will bum skin and destro}’ clothii^t. If any is 
spilled, w’ssh it aw*a}* w'lth a large <|uanti^’ of water. Funua are also 
dangerous and should not be inhaled. 



10 

2. Wrap paper or rags around necks of 2 bottles. Socurely upe necks 
of bottles together . Be sure bottles are flush against each other and 
that there are np air spaces. 




Flush Against Each Other 



3. Support bottles on rocks or cans so that empty bottle is sligh tly 
lower than bottle conuitiing paste so that nitric acid that is formetTin 
receiving bottle will not run into other bottle. 




4. Build fire in pot or fr>‘ing pan. 



5. Gently heat bottle conUining mixture by moving fire in and out. 

As red fumes begin to appear periodically pour cool water over 
empty receiving bottle. Nitric acid will begin to form in the receiving 
bottle. 




U 



CAUTION: Do not overheat or wet bottle containing mixture or it may 
shatter. As an added precaution, place bottle to be heated in heat resis- 
tant container filled with sand or gravel. Heat this outer conuiner to 
produce nitric acid. 



Heat Resistant Conuiner 
Killed with Sand or Gravel 




d . Continue the above process until no more red fumes are formed . 
If the nitric acid formed in the receiving bottle is not clear (cloudy) 
pour it into cleaned bottle and repeat Steps 2-6. 



CAUTION: Nitric acid will burn skin and destroy clothing. If gny is 
spilled, wash it away with a large quantity of water. Fumes are also 
dangerous and should not be inhaled. 

Nitric acid should be kept away from all combustibles and should be kept 
in a sealed ceramic or glass conuiner. 



Section 1 

12 No. 5 

INITIATOR FOR DUST EXPLOSIONS 



An initiator which wiU initiate common material to produce dust 
explosions can be rapidly and easily constructed. This type of charge 
is ideal for the destruction of enclosed areas such as rooms or buildiilgs. 

MATERIAL REQUIRED : 

A flat can, 3 in. (3 cm) diameter and 1-1/2 in. (3-3/4 cm) high. A 
6-1/2 ounce Tuna can serves the purpose quite well. 

Blasting cap 
Explosive 

Aluminum (may be wire, cut sheet, flattened can or powder 

Large nail, 4 in. <10 cm) long 

Wooden rod - 1/4 in. (6 mm) diameter 

Flour, gasoline and powder or chipped aluminum 

NOTE: Plastic explosives (Comp. C-4, etc.) produce better explosions 
than cast explosives (Comp. B, etc.). 

PROCEDURE : 

1. Using the nail, press a 
hole through the side of the 
Tuna can 3/8 to 1/Z inch 
(1 to 1-1/2 cm) from the 
bottom. Using a rotating 
and lever action, enlarge 
the hole until it will accom- 
modate the blasting cap. 
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2. Place the wooden rod 
in the hole and position the 
end of the rod at the center 
of the can. 

3. Press explosive into 
the can, being sure to sur- 
round the rod, until it is 
3/4 inch (2 cm) from top 
of the cai^. Carefully 
remove the wooden rod. 



4. Place the aluminum metal on 
top of the explosive. 

5. Just before use, insert the 
blasting cap into the cavity made 
by the rod. The initiator is now 
ready tor use. 

Cardboard Disk Insert 
For Handling Purposes 

NOTE: If it is desired to carry 
the initiator some distance, card 
board may be pressed on top of 
the aluminum to insure against 
loss of material. 




Section I 
li| No. G 

FERTILIZER EXPLOSIVE 

An explosive munition can Ijo made from fertilizer grade ammonium 
nitrate am! either fuel oil or a mixture of equal parts of motor oil and 
g'asoline. When projxirly prc|>arcd, this explosive munition can lx* deto- 
nated with a blasting cap. 

Explosive material REQUIRED : 



Ammonium nitrate (not less than 32\ nitrogen) 

Fuel oil or gasoline and motor oil (1:1 ratio) 

Two flat boanis. (At least one of those shoul<l Iw ct>mlortalily held in 
the hand, i.c. 2x4 and 3G x 3G.) 

Bucket or other container for mixing ingredients 

Iron or steel pi)K* or bottle, tin can or heavy -widled cardijoard tulx* 

Blasting cap 

Wooden rod - 1/4 in. diameter 
Spoon or similar measuring contr’ner 



PROCKPURE : 

1. Spread a hun Hja of the ammo- 
nium nitrate on the largo flat board 
and rub vigtirously with the other 
board until tlie lai^ge particles are 
crushed into a very fine powder 
that l(K)ks like flour (approx, lu min). 




HOW TO USE : 

This particular unit works quite well to initiate charges of five pounds 
of flour, 1/2 gall<m (1-2/3 liters) of gasoline or two pounds of flake 
painters aluminum. The solid materials may merely be contained in 
sacks or cardboard cartons. The gasoline may be placed in plastic- 
coated paper milk cartons, plastic or glass bottles. The charges are 
placed directly on top of the initiator and the blasting cap is actuated 
electrically or by fuse depending on the type of cap employed. This will 
destroy a 2,000 cubic feet enclosure (building 10 x 20 x 10 feet). 



NOTE; Proceed with Step 2 as soon as possible since 
the powder may take moisture from the air ami Ixjcome six>iled. 



2, Mix one measure (cup, table- 
spoon, etc.) of fuel oil with 10 
measures of the finely grounti ammo- 
nium nitrate in a dry bucket or other 
suitable container and stir with the 
wooden rod. If fuel oil is not avail- 
able, use one half measure of 
gasoline and one half measure of 
motor oil. Store in a waterproof 
container until ready to use. 



15 




NOTE: For larger enclosures, use proportionately larger initiators 
and charges. 

5 Lb. Solid 
Charge in Carton 



3. Spoon this mixture into an iron or steel pipe which has an end cap 
threaded on ope end. If a pipe is not available, you may use a dry tin 
can, a glass jar or a heavy-walled cardboar<l tulw. 
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NOTK: Take care not to tamp 

or shake the mixture in the pipe. If mixture becomes tightly 
packed, one cap will not be sufficient to initiate the explosive. 



17 

3. Stir and scrape the bucket sides occasionally until the mixture is 
reduced to one quarter of its original volume, then stir continuously. 

4 . As the water evaporates, the mixture will become thicker until it 
reaches the consistency of cooked breakfast cereal or homemade fudge. 
At this stage of thickness, remove the bucket from the heat source, 
and spread the mass on the metal sheet. 



Blasting Cap 



4. Insert blasting cap just beneath 
the surface of the explosive mix. 




Pipe 



Mixture 



NOTE: Confining the ofxjn end of the container will add to the effective- 
ness of the explosive. Section I 

16 No. 9 

’•RED OR WHITE POWDER” PROPELLANT 

"Red or White Powder” Propellant may bo prepared in a simple, 
safe manner. The formulation described below will result in approxi- 
mately 2-1/2 pounds of powder. This is a small arms propellant and 
should only be used in weapons with 1/2 in. inside diameter or less, 
such as the Match Gun or the 7.62 Carbine, but not pim<>ls« 

MATERIAL REQUIRED : 



Heat source (Kitchen stove or open fire) 

2 gallon metal bucket 
Measuring cup (S ounces) 

Wooden spoon or rubber spatula 

Metal sheet or aluminum foil (at least Id in. sq.) 

Flat window screen (at least 1 ft. sq.) 

Potassium nitrate (granulated) 2-1/3 cups 
White sugar (granulated) 2 cups 
Powdered ferric oxide (rust) 1/3 cup (if available) 
Clear water, 3-1/2 cups 




S. While the material coola, score it with the spoon or spatula in 
crisscrossed furrows about 1 inch apart. 




PRCXEDURE: 



1. Place the sugar, potassium 
nitrate, and water in the bucket. 
Heat with a low flame, stirring 
occasionally until the sugar and 
potassium nitrate dissolve. 



2. If available, add the fei*ric oxide 
(rust) to the solution. Increase the 
flame under the mixture until it 
boils gently. 

NOTE: The mixture will retain the 
rust coloration. 




6. Allow the material to air dry, preferably in the sun. As it dries, 
rescore it occaslpiially (about every 20 minutes) to aid drying, 

18 

7 . When the material has dric<f to a point where it is moist and soft 
but not sticl^ to the touch, place a small spoonful on the screen. Rub 
the material back and forth against the screen mesh with spoon or 
other flat object until the material is granulated into small worm -like 
particles. 




3. After granulation, return the material to the sun to drj*^ 
completely. 

^ Section If 

19 No. J 
PIPE HAND CRENAOE 

rCaad grenades can be made from a piece ol ir<m pipe. The 
filler caa.be plastic or granular military explosive. Improvised 
eaploaive. or propellaat from shotgun or small arms ammunition. 
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MATERIAL REQUIRED 

Iron.pip#, 1 1/^" 

to )** dUffu . I** to r* long. 

Two 12) iroo pip# Copt. 

Cxplotivo or propolUnt 
Nooolociric bUotiog cop. 

(Coftunorciol or militoryl 
E«oo cord 
Hoad drill 
PUoro 

PROCEDURE 

1. Ploco blootiag cop ca cao oad 
ol fuoo cord oad crimp with plioro. 



NOTE: To find out how long the 
fuoo cord ihoMid bo. chock iho 
time it tokoo o kaowa loagth to 
bum. If 12 iachoo buroo in 30 
oocoado. o 6. inch cord will ig. 
alto tho groaodo ia IS oocoado. 

2. Screw pipe cop to oao oad of 
pipe. Ploco fuoo cord with bUot. 
lag cop into tho oppooito oad oo 
that tho blootiag cop io aoor tho 
coator of tho pipe. 20 



NOTE: If plootic oaplooivo to to 
bo uood, flU pipe boforo laoortiag 
blootiag cop. Puok o round otlclf 
Into tho coaUr of tho oxplooivo to 
nooko o halo oad thoa iaoort tho 
btoptlag cop. 



ruler 



Powdr r Hipo 



Blotting Cop 

Fuse 




End Cop 






ruoo Cord 




'-Blootiag Cop 

^Pipo 
>*Cfid Cop 



material REQUIRED : 

Block of TNT or other blotting 
explooive 
Nolle 

Non-Electric Militory blotting cap 
Fuoe Cord 

Tape, otving. wire or glue 
PROCEDURE : 

^ E XP LOSIV E 

1. If an explooive charge other 
than a otandard TNT block io 
uoed. moke a hole in the center 
of the charge for inoerting the 
blaoting cap. TNT can be drilled 
with relative safety. With 
plaotic explooives, a hole can 
be made by pretoing a round 
otick into the center of the charge 
The hole ohould be deep enough 
that the blasting cap io totally 
within the explosive. 

2. Tape, tie or glue one or 
two rows of closely packed nails 
to sides of explosive block. 

Nails should completely cover 
the four surfaces of the block. 



3, Place blasting cap on one NAILS 

end of the fuse cord and crimp BLASTING CAP 
with pliers. 



HOLE FOR 
BLASTING CAP 
TAPE 




FUSE CORD 



3. Pour siqplasivs or props ll aat 
Into pipa a Unis bit at a tima. Tap 
tba basa of tha pipa fraquaatly to 
sattla fiUar. 



4. Drill a halo la tha caatar of tha 
aaaasanihlad pipa cap largo aaough 
far tha fusa card to pass through. 



S. Wlpo plpo throada to roaaovo 
any fUlar asatarial. 

SUda tha drtUad pipa cap osar 
tha faaa and acraw haadUght oato 




NOTE: To find out how long the 
fuoe cord should be. check the 
time it takes a known length 
to burn. If 12 inches (30 cm) 
burns for 30 seconds, a 10 
‘second delay ^ill require a 4 
inch (10 cm) fuse . 



4. Zaaart tha blasting cap in 
tha hola in tha block of axploaivJ 
Tapa or tia fusa cord aacuraly 
ia placa ao that it will not faU 
out when tha grenade is thrown, 
ALTERNATE USE: 

An affectiva directional 
^ anti-personnal mine can be made 
Pipe cap by placing nails on only one 
side of the explosive block. 

For this case, an electric 
blasting cap can be used. 




FUSE CORD 
BLASTING CAP 




target 



» Section XI 
No. 2 

NAIL GRENADE 

Effective fragmentation grenades can be made from a 
block of TNT or other blasting explosive and nails 



Section II 

23 No. 3 

WINE BOTTLE CONE CHARGE 
This cone charge will penetrate 3 to 4 inches of armor. 
Placed on an engine or engine compartment it will disable a tank 
or other vehicle. 



MATERIAL REQUIRED: 

Glass wine bottle with false bottom (cone shaped) 
Plastic or castable explosive 
Blasting cap 

Gasoline or Kerosene (small amount) 

String 

Adhesive tape 
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PROCEDURE : 

1. Soak a piece of string in gaso> 
line or kerosene. Double wrap 
this string around the wine bottle String 
approximately 3 in. (7 1/2 cm) 
above the top of the cone. 

NOTE: A small amount of motor 
oil added to the gasoline or 
kerosene will improve results. 



2. Ignite the string and allow to 
burn for 1 to 2 minutes. Then 
plunge the bottle into cold water 
to crack the bottle. The top 
half can now be easily removed 
and discarded . 



3. If plastic explosive is used: 

(a) pack explosive into the bottle 
a little at a time compressing 
with a wooden rod. Fill the 
bottle to the top. 

(b) press a 1/4 in. wooden dowel 
1/2 in. (12mm) into the middle of 
the top of the explosive charge to 
form a hole for the blasting cap. 




Cold Wa 



Bottom Half 
oi Bottle - 



4. If TNT or other castable explosive is used: ^ 

(a) break explosive into small pieces using a wooden mallet or 
non*sparking metal tools. Place pieces in a tin can. 

2k 

(b) Suspend this can in a larger 
container which is partly filled 
with water. A stiff wire or stick 
pushed throu^ the smaller can 
will accomplish this. 



2. Place the charge so that the 
bottom is 3 to 4 in. (7 1/2 to 10 cm) 
from the target. This can be done 
by taping legs to the charge or any 
other convenient means as long as 
there is nothing between the base 
of the charge and the target. 



3. If electric cap is used, 
connect blasting cap wires to 
firing circuit. 



Container 

NOTE: The effectiveness of this 
charge can be increased by placing it 
inside a can. box. or similar con- 
tainer and packing sand or dirt 
between the charge and the con- 
tainer. 

Section n 

25 No. 4 

GRENADE-TIN CAN LAND MINE 
This device can be used as a land mine that will explode when the 
trip wire is pulled. 

MATERIAL REQUIRED ; 

Hand grenade having side safety lever 

Sturdy container, open at one end. that is just large enough to fit over 
grenade and its safety lever (tin can of proper size is suitable). 

Strong string or wire 

NOTE: The container muni be of such a size that, when the grenade is 
placed in it and the safety pin removed, its sides will prevent the safety 
lever from springing open. One end must be completely open. 
PROCEDURE; 




CAUTION: The inner can must 
not rest on the bottom of the 
outer container. 




Suspension 
Rod 

Explosive 



inner Can 



*uter Can 



1. Fasten one piece of string to 
the closed end of c<mtalner. making 
a strong connection. This can be String 
done by punching 2 holes in the can. 
looping the string through them, and 
tying a knot. 

2. Tie free end of this string to bush, stake, fencepost. etc. 




*Water 

(c) Heat the container on an electric hot plate or other heat source 
Stir the explosive frequently with a wooden stick while it is melting, ignition mechanism of the grenade 



3. Fasten another length of string 
to the grenade such that it camu^ 
interfere with the functioning of the 



CAUTION: Keep area well ventilated while melting explosive. 
Fumes may be poisonous. 

(d) When all the explosive has melted, remove the inner container 
and stir the molten explosive iuitil it begins to thicken. During 
this time the bottom half of the wine bottle should be placed in the 
container of hot water. This will p re -heat the bottle so that it 
will not crack when the explosive is poured. 

(e) Remove the bottle from hot water and dry thoroughly. Pour 
molten explosive into the bottle and allow to cool. The crust which 
forms on top of the charge during cooling should be broken with a 
wooden stick and more explosive added. Do this as often as 
necessary until the bottle is filled to the top. 

(f) When explosive has completely hardened, bore a hole for 
the blasting cap in the middle of the top of the charge about 
1/2 in. (12mm) deep. 

HOW TO USE: 



4. Insert grenade into container. 




String 
Attached 
To Can 



5. Lay free length of string across 
path and fasten to stake, bush, etc. 
The string should remain taut. 



^ St ring Attached 
To Grenade 



Container 



1. Place blasting cap in the hole in 
the top of the charge. If non- 
electric cap is used be sure cap 
is crimped around fuze and fuze 
is long enough to provide safe 
delay. 





I. Carefully withdraw safety pin fay pulling <m ring. Be sure safety 
lever is restrained during this operation. Grenade will function in 
nomaal manner when trip wire is pulled. 
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NOTE: In areas where concealment is possible, a greater eftect inaj 
be ob ta ined by suspending the grenade several feet above ground, as 
illustrated below. 




6. Insert second piece of rag wadding against stones and/or metal 
scrap. Pack tightly as before. 

Metal 

Wad Scrap Wad Firing 

Leads 







HOW TO USE : 

1. Buiy pipe in ground with open end facing the expected path of the 
enemy. The open end may be covered with cardboard and a thin layer 
of dirt or leaves as camouflage. 



A directional shrapnel laupcher that can be placed in the path of 








2. Connect firing leads to battery and switch. Mine can be remotely 
fired when needed or attached to trip device placed in path of ad- 
Iron pipe approximately 3 ft. (1 meterl long and 2 in. to 4 in. (5 to vancing troops. 

10 cm) in diameter and threaded on at least one end. Salvaged 

artilleo- cartridge case may also be used. NOTE; A NON-ELECTRICAL ignition system can be subsUtuted for 

Threaded cap to lit pipe. the electrical ignition system as follows. 

Black powder or salvaged artillery propellant about 1/2 lb. (200 gxna) 

Follow above procedure, substituttng safety fuse for igniter. 

Electrical igniter (commercial SQUIB or improvised igniter, Section 
VI. No. 1). Safety or improvised fuse may also be used. 2. Light safety fuse when ready to fire. 

Small stones about 1 in. (2>l/2 cm) in diameter or small size scrap; Mortar Mine 

about 1 lb. (400 gms) total, 

Rag.s for wadding, ouch about 20 in. by 2u in. (.00 cm x .*>0 cm) 

Paper or bag 
Battery and wire 
Stick (non' metal lie) 



.Note: Be sure pipe has no cracks or flaws, 

20 

PROCEDURE: 



1. Screw threaded cap onto 
pipe. 

2. Place propellant and igniter in 
paper or rag and tie package with 
string so contents will not fall out. 




Igniter 

Leads 



Propellant 
and igniter 





Battezy 



3. Insert packaged propellant and 
igniter into pipe until package rests against threaded 

cap leaving firing leads extending from open end of pipe. 

4. Roll rag till it is about 6 in. (IS- 1/2 cm) 

long and the same diameter as pipe. Insert rag wadding against 
packaged propellant igniter. With caution, pack tigliUy using stick. 

5. Insert stones and/or scrap metal into pipe. 



Direction 
of shot 

Trip Device 
(Electrical Contact) 



Connecting 
Wires 
Section II 

30 No. 6 

COKE BOTTLE SHAPED CHARGE 



This shaped charge will penetrate 3 in. (7-1/2 cm) of armor. (It 
will disable a vehicle if placed on the engine or engine compartment) . 

MATERIAL REQUIRED : 

Glass Coke bottle. 6-1/2 oz. size 
Plastic or castable explosive, about 
1 ib. (454 gm) 
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Blasting cap 

Metal cylinder, open at both ends, about 
6 in. (IS cm) long and 2 in. (5 cm) inside 
diameter. Cylinder should be heavy 
wailed for best resulU. 

Plug to fit mouth of coke bottle 
(rags, metal, wood, paper, etc.) 

Non-metal rod about 1/4 in. (6 mm) in 
diameter and 8 in. (20 cm) or more 
in length. 

Tape or string 

2 tin cans if casUble explosive is used (See Section II, No. 3) 




32 

2. Place bottom of Coke Bottle flush 
against the target. If target is not 
flat and horUootal, fasten bottle to 
Urget by uiy convenient means, sudi 
as by placing tape or string aroiaid 
target and top of bottle. Bottom of 
bottle acts as stand-off. 




NOTE: Cylinder may be cardboard, plastic, etc. if castable exploslvel CAUTION: Be sure that base of bottle is flush against target and that 



is used. 
PROCEDURE: 



1. Place plug in mouth of bottle. 



^Plug 



2. Place cylinder over top of 
bottle until bottom of cylinder 
rests on widest part of bottle. 
Tape cylinder to bottle. Con- 
tainer should be straight on 
top of bottle. 

3. If plastie explosive is used: 



a. Place explosive in cylinder 
a little at a time tamping with 
rod until cylinder is full. 







there is nothing between the target and the base of the bottle. 



3. Connect leads from blasting cap to firing circuit. 
Method 11: If non-electrical Masting cap U usedi 




4. If casUble explosive is used, 
follow procedure of Wine Bottle 
Cone Charge, Section II, No. 3, 
Step 4, a throu^ f. 



HOW TO USE: 

Method 1. If electrical blasting cap Is use3T 
1. Place blasting cap in hole in top of explosive. 




Explosive 
(Inside Cylinder) 



Bottle 



CAUTION: Do not insert blasting c^p imtil charge is ready lo ^ 
detonated. 



1. Crimp cap around fuse. 



b. Press the rod about 1/2 in. ( 1 cm) into the middle of the top of 
the explosive charge to form a hole for the blasting cap. 



I CAUTION: Be sure fuse is long enough to provide a safe delay. | 

3. Follow steps 1, 2, and CAUTIONS of Method 1. 

3. Light fuse when ready to Are. 

Section 11 

33 No. 7 

CYLINDRICAL CAVITY SHAPED CHARGE 

A shaped charge can be made from common pipe. It will penetrate 
1-1/2 in. (3-1/2 cm) of steel, producing a hole 1-1/2 in. (3-1/2 cm) in 
diameter. 

MATERIAL REQUIRED : 

Iron or steel pipe, 2 to 2-1/2 in. (3 to 6-1/2 cm) in diameter and 3 to 
4 in. (7-1/2 to 10 cm) long 

Metal pipe, 1/2 to 3/4 in. (1-1/2 to 2 cm) in diameter and 1-1/2 in. 
(3-1/2 cm) long, open at both ends. (The wall of the pipe should 
be as thin as possible.) 

Blasting cap 

Non-metallic rod, 1/4 in. (6 mm) in diameter 
Plastic or castable exiHosive 
2 metal cans of different sizes 

Stick or wire ^ If castable cx|ilosive is used 

Heat source 



1 ■" 



PROCEDURE : 

1. If plastic explosive is used; 

a. Place larger pipe on 
flat surface. Hand 
pack and tamp explo- 
sive into pipe. Leave 
approximately 1/4 in. 

(6 mm) space at top. 




Approximately 
1/4 in. Empty 
Space 



Plastic 

Explosive 



Flat Surface 

b. Push rod into center of explosive. Enlarge hole in explosive 
to diameter and length of small pipe. 

1-1/2 in. 
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IMPORTANT: Be sure direct contact is made between explosive and 
small pipe> Tamp explosive around pipe by hand if necessan*. 



d. 






Make sure that there is 1/4 in. (6 nun) empty space above small 
pipe. Remove explosive if necessary. . 



2. Place other end of pipe Qush 
scalastCheUrfet. Fasten pipe 
to tarfot ty convenient means, 
such as by placing tape or string 
around Uiget and top of pipe, if 
target U not flat and borisontal 



Blasting Cap 



Pips 



Hole for Blasting Cap 


— n K— ^ 


1 




ii:4i 


1 1/2 in.| 


Turn pipe upside down and 




./ *•' 

> - 


1 


push rod 1/2 in. (1-1/4 cm) 






Small 


into center of opposite end 






Pipe 


of explosive to form a hole 






for the blasting cap. 






^1/4 in. 

1 




Tape, 



CAUTlcni: Be sure that base of pipe is flush against target and that 
there to nothiigt h etw esn the Urgnt and the base of the pipe. 

2. Ceaneet lea* from hUattog cap to ftrtog circuit. 

Method II - If nOB^eetitcal bUatlng cap to usedi 



1. Crtosp MP dpoitod hiie. 



CAUTION; 

charge. 



Do not insert blasting cap in hole until ready to fire shaped 



2. If TNT or other castable explosive is used: 

a. Follow procedure. Section II, No. 3, Step 4, Parts a, b, c, in- 
cluding CAUTIONS. 

b. When ail the explosive has melted, remove the inner container 
and stir the molten explosive until it begins to thicken. 






1. FoUov Stops 1. 2. and CAUTION of Method I. 

3. Light Siao whoa rsa* to firs. 

Section lU 

36 No. I 

PIPE PISTOL FOR 9 MM AMMUNITION 

A 9 mm pistol can be made from 1/4“ steel gas or water pips 
and fittings,. 

MATERIAL REQUIREO 



Place large pipe on flat 
surface. Pour explo- 
sive into pipe until it is 
1-3/4 in. (4 cm) from 
the top. 




3/4 in. 



Castable 

Explosive 



Flat Surface 



f. 



Small Pipe 
Place small pipe in center of large 
pipe so that it rests on top of ex- 
plosive. Holding small pipe in 
place, pour explosive around small 
pipe until explosive is 1/4 in. <6 mm] 
from top of large pipe. 



Allow explosive to cool. Break crust that forms on top of the 
charge during cooling with a wooden stick and add more explo- 
sive. Do this as often as necessary until explosive is 1/4 in. 
(6 mm) from top. 2^ 

•W«F«e ^l/II 

When cxplMivt has com- 





plotoly hardened, turn pipe 
upside down and bore a bole 
for the bUsttng cap to the 
middle of the top of the 
charge about 1/2 to. (1-1/4 cm) 
deep. 

HOW TO USE: 



Method 1 - If electrical blasting cap is used: 

1. Place blasting cap in h^c made for It. 

fcAUTlW^^T3e^un!^^apMSuhan^^ 




1/4'* nominal site eteel pipe 4 to 6 
inches long with threaded ends. 

1/4'* Solid pipe plug 
Two (2) eteel pipe coupUnge 
Metal strap - rou^ly 1/9'* * 

1/4“ X S“ 

Two (2) elastic bands 
FUt head nail - 60 or 80 (approx 
1/16'* diameter) 

Two (2) wood screws #8 
Wood 8“ X 5“ X 1“ 

Drill 

1/4*' wood or metal rod, (approx 
8** long) 

PROCEDURE 

1. Carefully inspect pipe and fittinge. 

Make .ur. that there are NO cracke or other flawe in the 
pipe or fittinge. 

b. Check inside diameter of pipe using a 9 mm cartridge as a 
gauge. The buUet should closely fit into the pipe without for- 
cing but the cartridge case SHOULD NOT fit into pipe, 
c. Outside diameter of pipe MUST NOT BE lees than I 1/2 
times bullet diameter (. $36 inches; 1.' 37 cm) 

2. Drill a 9/16“ (1.43 cm) diam- 
eter hole 3/8“ (approximately 1 

cm) into one coupling to remove [• 3/8“ 

the thread. 

Drilled section should fit tightly 
over smooth section of pipe. 



mmm 



Mttim 



9/16“ 



3. Drill a 25/64“ (1 cm) diameter 
hole 3/4“ (1. 9 cm) into pipe. Use 
cartridge as a gauge; when a car- 
tridge is inserted into the pipe, the 
base of the case should be even 
with the end of the pipe. Thread 
coupling tightly onto pipe, drilled 
end first. 



25“ 



64 

(I cm.) 






ipe 



3/4“ 



UZID 
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37 

4. Drill • hole in the center of the 
pipe plug juet Urge enough for the 
neil to fit through. ' 

HOLE MUST BE CENTERED 
IN PLUG. 



S, Push nail through plug until pip^ 
head of nail is flush with square 
end. Cut nail off at other end 
1/|6” (. 158 cm) away from plug. 
Round off end of nail with file. 

Nail 




10. Position metal strap on stock 
so that top will hit the head of the 
nail. Attach to stock vdth wood 
screw on each side. 



1). String elastic bands from front 
coupling to notch on each side of 
the strap. 



Plug 





Rounded safety CHECK . TEST FIRE PISTOL BEFORE HAND FIRING 

1. Locate a barrier such as a gtone wall or large tree which you 
can stand behind in case the pistol ruptures when fired. 

1 I / 16 in. 2. Mount pistol solidly to a table or other rigid support at least 
(.158 cm.) ten feet in front of the barrier. 



6 . 



Bend metal strap to "U" shape f*^*l/-** 



and drill holes for wood screws. 
File two small notches at top 




f Notch 



Screw Hole 



This dimension 
^to be 2'* greater . 
*'than unassembled] 
length of pipe 



7. Saw or otherwise shape T’ 
(2. 54 cm) thick hard wood into 
stock. 



8. Drill a 9/16" diameter (1.43 cm) 
bole through the stock. The center 
of the hole should be approximately; 
1/2 * (1. 27 cm) from the top. 



9. Slide the pipe through this hole 
and attach front coupling. Screw 
drilled plug into rear coupling 




3. Attach a cord to the firing strap on the pistol. 

4. Holding the other end of the cord, go behind the barrier. 

5. Pull the cord so that the firing strap is hel4 back. 

6. Release the cord to fire the pistol. (If pistol does not fire, 

sho rten the elastic bands or increase their number.) 

IMPORTANT ; Fire at least five rounds from behind the 
barrier and then re -inspect the pistol before you attempt! 



to hand fire it. 



NOTE; If 9/16" drill is not avail- Groove 
able cut a "V" groove in the top o^ 
the stock and tape pipe securely in 
place. 




T*P«3, 



39 

HOW TO OPERATE PISTOL 
!• To Load 



a. Remove plug from rear 
coupling. 



b. Place cartridge into pipe 

c. Replace plug. 

To Fire 

a. Pull strap back and hold 
with thumb until ready. 

b. Release strap. 

To Remove Shell Case 

a. Remove plug from rear 
coupling. 

b. In.ert 1/4" diameter eteel 
or wooden rod into front 
of pistol and push shell 
case out. 
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7. Fil* threaded end of 
plug flat. 



bo 

SHOTGUN (12 GAUGE) 

A 12-g«ttge shptgun cftn b« mad« from 3/4*' woUr or goo pipo 



pad fittiagOe 



MATERIALS REQUIRE 



8. Push nail through ^lug and cut 
off flat M31'* past the plug. 



9. Screw plug into coupling. 



Pipe Plug 




H Um in. 



Wood 2" X 4" X 32" 

3/4" nominal water or gas pipe 2Q" to 30" long threaded on 



one end. 

3/4" steel coupling 

Solid 3/4" pipe plug 

Metal strap (1/4" x l/l6" x 4'^) 

Twine, heavy (100 yards approximately) 

3 wood screws and screwdriver 

Flat head nail 6D or 8D 

Hand drill 

Saw or losife 

File 

Shellac or lacouer 
Elastic Bands 
procedure 



ip. Bend 4" metal strap into 
L ' shape and drill hole for 
wood screw. Notch metal 
strap on the long side 1/2" 
from bend. 



1/4 r - 



1 . Carefully inspect pipe and fittings. r f 

1 1. Position rnetal strap on stock so that top will hit the head of 

a. Make sure that there are no cracks or other flaws, the nail. Attach to stock with wood screw. 

b. Check inside diameter of pipe. A 12-gauge shot shell should 
fit into the pipe but thp brass rim should not fit. 



c. Outside diameter of pipe must be at least 1 in. 
(2. 54 cm). 



L la Slit* Bands 



‘nl 

w 

4„ 



13-1/2” — ^ 



32" Approx. 



Firing Strap 



j-2" 



2 . Cut stock from wood using a saw or >nife. 




3 Cut a 3/8" deep "V** groove in top of the stpck. 

Ui 

4. Turn coupling onto pipe until tight. 

Coupling ^ Twine pipe 



r l2. Place screw in each side of stock about 4" in front of metal 
strap. Pass elastic bands through notch in metal strap and attach 
to screw on each side of the stock. 

3/8" SAFETY CHECK - TEST FIRE SHOTGUN BEFORE HAND FIRING 

1. Locate a barrier such as a stone wall or large tree which you 
can stand behind in case the weapon explodes when fired. 

2. Mount shotgun solidly to a table or other rigid support at least 
ten feet in front of the barrier. 

3. Attach a long cord to the firing strap on the shotgun. 

4. Holding the other end of the cprd, go behind the barrier. 

5. Pull the cord so that the firing strap is held back. 



5. Coat pipe and "V" S, Pull the cord so that the firing strap is held back, 

groove of stock with shellac or lacquer 

and. while still wet. place pipe in "V" groove and wrap 6. Release the cord to fire the shotgun. (If shotgun does not fire, 
pipe and stock together using two heavy layers of twine, shorten the elastic bands or increase their number.) 

Co.t twine with shellac Ucquer after each layer. I,wt,«o<ra«T. ir, . , 

; Fire at least five rounds from behind the 

6. prill a hole through center t.*™**.' “k ‘ **’ 

of pipe plug large enolgh for h J 

nail to pass through. > V 
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U3 



HOW TO OI»ERATE SHOTGUN 

1. To Lo^d 






a. Take plug out of coupling. 



b. Put shotgun shell into pipe. 

c. Screw plug hand-tight into Coupling. 

2. To Fire 

A 



NOTE: If cartridge is of 
crimp type, remove top wid 



2, Pour shot from shell. 



3. Replace one layer of shot in 
the cartridge. Pour in filler 
material to fill the spaces between 
the shot. 




PROPELLANT 



4. Repeat Step 3 until all shot has been replaced^ 

5. Replace top wad (if applicable) and re -fold crimp. 




a. Pull strap back and hold with thumb. 

b. Release strap. 

3, To Unload Gun 

a. Take plug out of coupling. 

b. Shake out used cartridge. 



j Section III 
kk No. 3 

SHOTSHELL DISPERSION CONTROL 

When desired, shotshell can be modified to reduce 
dispersion. 

MATERIAL REQUIRED : 

Shotshell 

Screwdriver or knife 

Any of the following filler materials: 

Crushed Rice 
Rice Flour 
Dry Bread Crumbs 
Fine Dry Sawdust 
PROCEDURE: 




6. Roll shell oii flat surface to 
smooth out crimp and restore 
roundness. 



7. Seal end of case with wax. 



HOW TO USE: 



shot 



This round is loaded and fired in the karne manner as 
standard shotshell. The Shot spread will be about 2/3 that of a 
standard round. 

i ^ Section dl 
40 No. 4 

CARBINE (7 . 62 mini Standsrd Rifle Amnunltion) 

A rifle can be made from water or gas pipe and fittings. Standard 
cartridges arc used for ammunition. 



1. Carefully remove crimp from 
shotshell using a screwdriver dr 
knife . 





ROLL CRIMP 



MATERIAL REQUIRED ; 



Wood approximately 2 in. x 4 in. 

X M in. 

1/4 in. nominal aize iron water or 
gaa pipe 20 in. long threaded 
at one end. 



Twine, heavy (100 yards approx. ) 
3 wood screws and screwdriver 
Flat head nail about 1 in. long 
Hand drill 
Saw or knife 
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3/a in. to 1/4 In. reducer File 

3/a in. X 1-1/2 in. threaded pipe Pipe wrench 

3/a in. pipe ooupliiti^ Shellac or lacquer 

MeUi strap approximately 1/2 in.. Elastic bands 

X 1/16 in. x 4 in. Solid 3/8 in. pipe plug 

PROCEDURE! 

1. bispect pipe and fittlhcs carefully. 

a. Be sure that there are no cracks or flaws. 

b. (3ieck Inside diameter of pipe. A 7. 82 mm projectile should 
fit into 3/8 in. pipe. 



2. Cut stock from Wood using saw or knife. 




4. Fabricate rifle barrel from pipe. 



a» File or drill Inside diameter of threaded end of 20 in. pipe for 
about 1/4 In. so neck of caitridge case will fit In. 



lU Position metal strap on stock 
so that top will hit the head of the 
nail. Attach to stock with wood 
screw. 



12. Place screw in each aide of stock about 4 in. in front of metal 
strap. Pass elastic bands through notch in metal strap and aUach to 
screw on each side of the stock. 



Pipe Plug ^CouDline 




you can stand behind to test fire weapon. 

2. Mount rifle solidly to a table or other rigid support at least 
ten feet in front of the barrier. 

U9 

3. Attach a long cord to the firing strap on the rifle. 

4. Holding the other end of the cord, go behind the barrier. 

5. Pull the cord so that the firing strap is held back. 




b. Screw reducer onto threaded pipe using pipe wrench. 

0 . Screw short threaded pipe into reducer. 

3/8“ CoupUn< Reducer 

d. Turn 3/8 pipe coupling onto ✓ 3 /g„ ^ 

threaded pipe using pipe n 

wrench. All fittings should 

be as tight as possible. Do I 

not split littii«s. Threaded Pipe 

3 / 9 * X 1-1/2” 

5. Coat pipe and "V* groove of stock with shellac or lacquer. While 
still wet, plabe pipe in "V” groove and wrap pipe and stock together 
usi^ two Uyers of twine. Coat twine with sheUac or lacquer after 

8. Drill a hole through canter of 

pipe plug large enough for nail to V y 



7. File threaded end of plug flat. 




8. Push nail through plug and out 
off rounded 1/32 in. (2 mm) past 
the plug. 



Pipe Plug 



Rounded 



9. Screw plug into coupling. 

1 / 

10. Bend 4 in. metal strap into H 

” L” shape and drill hole for wood J 

screw. Notch metal stn^ on the r“ 

long side 1/2 in. from bend. 



1/2”-^ 



1/32” 

— »| Ul-1/2" 

-4-i-l/16” 

i I 

t Hou 



6. Release the cord to fire the rifle. (If the rifle does not Are, 
_ahortenjhe elastic bands or increase their number.) 

IMPORTANT: Fire at least five rounds from behind a barrier 

__^^.__^_andjhenj^ the rifle before you attempt to shoulder fire it. 

HOW TO OPERATE RIFLE : 

1. To Load 



a. Remove plug from coupling. 




b. Put cartridge into pipe. 



c. Screw plug hand-tight into 

o ^ coupling. 

2. To Fire 







a. Pull strap back and htUdwflh thumb. 

b. Release Strap. 

3. To Unload Gun 

a. Take plug (wt of coupling. 

b. Drive out used case using stick or twig. 



[TOD 
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- _ Section 111 

50 No. 5 

REUSABLE PRIMER 

A method of making a previouslv fired primer reusable. 
MATERIAL REQUIRED : 

Used cartridge case 

2 long nails having approximately the same diameter as the inside of 
the primer pocket 

'’Strike-anj-where'* matches - 2 or 3 are needed for each primer 

Vise 

Hammer 

Knife or other sharp edged instrument 
PROCEDURE : ^ 



1. File one nail to a needle 
point so that it is small enough 
to fit through hole in primer 
pocket. 

2. Place cartridge case and nail betucen jaws of vise. 




Force out fired 




4. File down point of second nail 
until tip is flat. 

5. Remove indentations from face 

of primer cup with hammer and flattened 
nail. 



6. Cut off tips of the heads of 
"strike -anywhere*' matches using 
knife. Carefully crush the match 
tips on dry surface with wooden 
match stick until the mixture is the 
consistency of sugar. 




CAUTION: Do not crush more than 3 match tips at one time or the mix- 

ture may explode. 



7. Pour mixture into primer cup. 
Compress mixture with wooden 
match stick until primer cup is 
fully packed. 




Mixture 



8. Place anvil in primer pocket 
with legs down. 



Primer 

Pocket 




Cartridge 

Case 



9. Place cup in pocket with mix- 
ture facing downward. 



Klixture Primer 




10. Place cartridge case and primer cup between vise jaws, and press 
slowly until primer is seated into boUom of pocket. The primer is now 
rea4y to use. 



Vise Jaw 



Primer Cup 




Section Hi 
So. 0 

PIPE PISTOL FOR .4.> CALIBER AMMUNITION 



A .43 caliber pistol can be made from 3/8 in. nominal diameter 
steel gas or water pipe and fittings. Lethal range is about 13 yards 
< 13- 1/2 meters) . 

MATERIAL REQUIRED : 

Steel pipe. 3/8 in. <1 cm) nominal diameter and 6 in. (15 cm) long 
with threaded ends. 

2 threaded couplings to fit pipe 
Solid pipe plug to fit pipe coupling 

Hard wotxi. 8-1/2 in. x 6-1/2 in. x 1 in. (21 cm x 16-1/2 cm x 2-1/2 cm) 
Tapi* or string 

Flat head nail, approximately 1/16 in. (1-1/2 mm) in diameter 
2 woo<l screws. u|>proxtmately 1/16 in. (1-1/2 mm) in diameter 
Metal strap, 3 in. x 1/4 in. x 1/8 in. (12-1/2 cm x 6 mm x 1 mm) 

Bolt. 4 in. (10 cm) long, with nut (optional). 

Elastic bands 

Drills, one 1/16 in. (1-1/2 mm) in diameter, and one havii^ same 
diameter as bolt (optiomil). 

Rod. 1/4 in. (6mm) in diameter and 8 in. (20 cm) long 
Saw or knife 

PROCEDURE : 

I. Carefully inspect pipe and fittings. 

a. Make sure that there are no eracks or other flaws in the pipe 
and fittings. 

b. Check inside diameter of pipe using a .43 caliber cartridge 
as a gauge. The cartridge case should fit into the pipe snugly 
but without forcing. 

c. Outside diameter of pipe MUST NQT BE less than 1-1/2 times 
the bullet diameter. 



2. Follow procedure of Section 111, No. 1. steps 4, 5, and 6. 

53 

1 " 
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6. Securely attach pipe to stock 
using string or tape. 



7. Follow procedures of Section III, No. 1. steps 10 and II. 

8. (Optional) Bend bolt for trigger. Drill hole in stock and place 
bolt in hole so strap will be anchored by bolt when pulled back. If • 
bolt is not available, use strap as t rigger by pulling back and releasing. 

MeUl Strap 




Plug 



iliTiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinir 



9. Follow SAFETY CHECK, SecUon III, No. 1 
TO USE : 

1. To load: 

a. .Remove plug from rear coupling. 




Bolt 




a. Pull metal strap back and 
anchor in trigger. 



b. Pull trigger when read>' to fire 



NOTE: If bolt is not used, pull 
strap back and release. 

3. To remove cartridge case; 




a. 



b. 



Remove plug from rear 
coupling. 

Insert rod into front of 
pistol and push cartridge 
case out. 



Section III 
" No. 7 
MATCH GUN 




An improvised weapon using safety match heads as the propellant 
and a metal object as the projectile. Lethal range is about 40 yards 
<36 meters). 

MATERIAL REQUIRED : 

Metal pipe 24 in. <61 cm) long and 3/8 in. <1 cm) in diameter (nominal 
size) or its equivalent, threaded on one end. 

End ciq> to fit pipe 

Safety matches ~ 3 books of 20 matches each. 



Wood > 28 in. X 4 in. X 1 in. (70 cm x 10 cm x 2. 5 cm) 

TV>y caps OR safety fuse OR "Strike-anywhere matches" (2) 

Electrical tape or string 

Metal strap, about 4 in. x 1/4 in. x 3/16 in. (10 cm x 6 mm x 4.5 mm) 
2 rags, about 1 in x 12 in. and 1 in. x 3 in. (2-1/2 cm x 30 cm and 
2-1/2 cm X 8 cm) 

Wood screws 
Elastic bands 

Metal object (steel rod, bolt with head cut off, etc.), approximately 
7/16 in. (11 mm) in diameter, and 7/16 in. (11 mm) long if iron 
or steel, 1-1/4 in. (31 mm) long if aluminum, 5/16 in. <8mm) long 
if lead. 

Metal disk 1 in. (2-1/2 cm) in diameter and 1/16 in. (1-1/2 mm) thick 
Bolt, 3/32 in, (2-1/2 mm) or smaller in diameter and nut to fit 
Saw or knife 
PROCEDURE : 

1. Carefully inspect pipe and fittings. Be sure that there are no 
cracks or other flaws. 



*• Drtll .null hole in center 
of end cap. |f „fety i, 

be eure it will pM, throuch thie 
hole. 

56 




Metric 



English 



3. Cut stock from wood using 
saw or knife. 




4. Cut 3/8 In. (9-1/2 mm) deep "V" groove in top of stock, 

3/8»» 




5. Screw end cap onto pipe until finger tight. 

6. Attach pipe to stock with string or tape. 



L 



in 

wood ^ Bend 



7. Bend metal strap into ' 
shape and drill holes for wood 
screw. Notch metal strap on | j 

long side i/2 in. (1 cm) from V8''-H|f-| 

^ 

8. Position metal strap on stock so that the top will hit the center of 
hole drilled in end cap. 



3/16" 

, Drill 
l^Hole 



57 



9. Attach metal disk to strap with 
nut and bolt. This will deflect blast 
from hole in end cap when gun is 
fired. Be sure that head of bolt is 
centered on hole in end cap. 
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10. Attach strap to stock with wood screws. 




metal strap. Pass elastic bands through notch in metal strap and attach 
to screw on each side of stock. 



$9 



4. Place second match tip 
on a piece of Upe. Place 
tape so match tip is directly 
over hole in end cap. 



5. When ready to fire, pull metal strap back and release. 





HOW TO USE: 




2. Fold one end of 1 in. x 12 in. rag 3 
times so that it becomes a one inch 
square of 3 thicknesses. Place rag 
into pipe to cover match heads, folded 
end first. Tamp firmly WITH CAUTION. 





C. When Safety Fuse Is Available; (Recommended for Booby Traps ) 



1. Remove end cap from pipe. 
Knot one end of safety fuse. 
Thread safety fuse through 
hole in end cap so that knot 

is on inside of end cap. 

2. Follow steps 1 through 3 
in A. 

3. Tie several matches to 
safety fuse near outside of 
end cap. 

NOTE: Bare end of safety 
fuse should be inside match 
head cluster. 



4. Wrap match covers around 
matches and tie. Striker 
should be in contact with 
match bands. 

5. Replace end cap on pipe. 




Match 

Cover 




3. Place metal object into pipe. Place 1 in. x 3 in. rag into pipe to 
cover projectile. Tamp firmly WITH CAUTION. 

Tape 

4. Place 2 toy caps over small 
hole in end cap. Be sure metal 
strap will hit caps when it is 
released. 

NOTE: It may be necessary 
to tape toy caps to end cap. 

Toy Caps 

End'Cap < 

5. When ready to fire, pull metal strap back dnd release. 




B. When **Strike~Anywhere** Matches Are Available 
1. Follow steps 1 through 3 in A. 



Tip 

Head 



2. Carefully cut off tips of heads of 2 
**strike~anywhere" matches with knife. 



Wooden 
Match Stick 



3. Place one tip in hole in end cap. Push in with wooden end of 
match stick. 



6. When ready to fire, pull match cover off with stnxig, firm, quick 
motion. 

60 

SAFETY CHECK - TEST FIRE GUN BEFORE HAND HRING 

1. Locate a barrier such as a stone wall or large tree which you 
can stand behind in case the weap<m explodes when fired. 



2. Mount gun solidly to a table or other rigid siq)port at least ten 
feet in front of the barrier. 



3. Attach a long cord to the firing strap on the gun. 



4. Holding the other end of the cord, go behind the barrier. 



5. Pull the cord so that the firing strap is held back. 



6. Release the cord to fire the gun. (If gun does not fire, shorten 
the elastic bands or increase their number.) 

IMPORTANT: Fire at least five roinda from behind the barrier and 
then re-inspect the gun before you attempt to shoulder fire it. 
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Section III 
6l No. 8 
RIFLE CARTRIDGE 

NOTE: See Section III, No, 5 for reusable primer. 

A method of making a previously fired rifle cartridge reusable, 
MATERIAL REQUIRED - 

Empty rifle cartridge, be sure that it still fits inside gun. 

Threaded bolt that fits into neck of cartridge at least Ul/4 in. (3 cm) 
long. 




Safety or "strike-anywhere" matches (about 58 matches are needed ** 

for 7,62 mm cartridge) and case. 

Rag wad (about 3/4 in. (1-1/2 cm) square for 7.62 mm cartridge) 

Knife 

Saw 



does not fit snugly, force paper or match 
or wrap tape around bolt before inserting 



63 



Section IV 
No. 1 



RECOILLESS LAUNCHER 



sticks between 
in case. 



NOTE: Number of matches and size of rag wad depend on particular 
cartridge used. 

PROCEDURE! 



1. Remove coating on heads of 
matches by scraping match sticks 
with sharp edge. 



A dual directional scrap fragment launcher which can be placed to 
cover the (wth of advancing. tro<^. 



CAUTION: If wooden '’strike -any- 
where” matches are used, cut off 
tips first . Discard tips or use for 
Reusable Primer, SecUon III, No. 5 




2. Fill previously primed car- 
tridge case with match head 
coatings up to its neck. Pack 
evenly and tightly with match 
stick. 



Neck of 
Cartridge 






Match Heads 



I CAUTION: Remove head of match stick before packing. In all packing 
operations, stand off to the side and pack gently . Do not hammer. 



3. Place rag wad in neck 
of case. Pack with match 
stick from which head was 
removed. 



4. Saw off head end of bolt so 
remainder is approximately the 
length of the standard bullet. 




.Length of _ 
Standard Bullet 

5. Place bolt in cartridge case ao that it attcka out about the i 
length as the original bullet. 



MATERIAL REQUIRED: 

Iron water pipe approximately 4 ft. (1 meter) long and 2 to 4 In. (S to 
10 cm) in diameter 

Black powder (commercial) or salvaged artillery propellant about 1/2 
lb. <200 gms) 

Safety or improvised fuse (SecUon VI, No. 7) or improvised electrical 
Igniter (SecUon VI, No. 2) 

Stones and/or metal scrap chunks approximately 1/2 in. (1 cm) in diam- 
eter - about 1 lb. (400 gms) total 
4 rags for wadding, each about 20 in, by 20 in. (50 cm by 50 cm) 

Wire 

Paper or rag 

NOTE: Be sure that the water pipe has no cracks or flaws'. 

6U 

PROCEDURE: 

Packaged 
Pr<>pellant 

1. Place propellant and igniter 
in paper or rag ami tie with siring 
so contents cannot fall out. 



2. Insert packaged propellant and igniter in center of pipe. Pull firing 
leads out one end of pipe. 

3. Stuff a rag wad into each end of pipe and lightly tamp using a flat 
end stick. 

4. Insert stones and/or scrap metal into each end of pipe. Be sure 
the same weight of material is used in each side. 
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Stones and Packaged 

Scrap Metal Propellant 



5^ Insert a rag wad into each end of the pipe and pack tightly as before. 
HOW TO USE : 

1. Place scrap mine in a tree or pointed in the path of the enemy. 
Attach igniter lead to the firing circuit. The recoilless launcher la 
now ready to fire. 

2. If safety or improvised fuse is used instead of the detonator » place 
the fuse into the packaged propellant through a hole drilled in the center 
of the pipe. Light free end of fuse when ready to fire. Allow for normal 
delay time. 

CAUTION: Scrap will be ejected from both ends of the launcher. 

Section IV 
No 2 

SHOTGUN GRENADE LAUNCHER 

This device can be used to launch a hand grenade to a distance of 
160 yards (150 meters) or more, using a standard 12 gauge shotgun. 

MATERIAL REQUIRED : 



66 



4. Place the base of the grenade 
in the depression in the wooden 
block. Securely fasten grenade to 
block by wrapping Upe (or wire) 
around entire grenade and block. 

NOTE: Be sure that the tape (or 

wire) does not cover hole in block 
or interfere with the operation of 
the grenade safety lever. 







will just slide over the outside of the gun barrel . 

6. Drill a hole in the center of the bottom of the tin can the same size 
as the hole in the block. 




Grenade (Improvised pipe hand grenade. Section 11. No. 1. may be used) 

12 gauge shotgun 

12 gauge shotgun carlridges 

Two washers, (brass, steel, iron. etc.), having outside diameter of 
5/8 in. (1-1/2 Cm) 

Rubber disk 3/4 in. (2 cm) in diameter and 1/4 in. (6 mm) thick (leather, 
neoprene, etc. can be used) 

A 30 in. (75 cm) long piece of hard wood (maple, oak, etc.) approxi- 
mately 5/8 in. (1-1/2 cm) in diameter. Be sure that wood will slide 
into barrel easily. 

Tin can (grenade and its safety lever must fit into can) 

Two wooden blocks about 2 in. (5 cm) square and 1-1/2 in. (4 cm) thick 

One wood screw about I in. (2-1/2 cm) long 

Two nails about 2 in. (5 cm) long 

12 gauge wads, tissue paper, or cotton 

Adhesive tape, string, or wire 

Drill 

t>ROCEDURE : 

1. Punch hole in center of rubber disk large enough for screw to pass 
through. 

Washer Wooden Stick 



2. Make push -rod as shown. 



Disk 

NOTE: Gun barrel is slightly less than 3/4 inch in diameter. If rubber 
disk does not fit in barrel, file or trim it very slightly. It should fit 
tightly . 

3. Drill a hole through the center 
of one wooden block of such size 
that the push -rod will fit tightly 
Whittle a depression around the 
hole on one side approximately 
1/8 in. (3 mm) and large enough 
for the grenade to rest in. 





O . isiiue uie can ana oiocK onto me Darrel unui muzzle passes can 
open end. Wrap a small piece of tape around the barrel an inch or 
two from the end. Ti^tly wrapped string may be used instead of tape. 
Force the can and wooden block forward against the Upe so that they 
arc s ecurely held in place. Wrap tape aro und the barrel behind the can 

Wooden 
Block 




Gun 

Barrel 



V I 

CAUTION : Be sure that the can is securely fastened to the gun barrel . 

If the can should become loose and slip down the barrel after the launcher 
is assembled, the grenade will explode after the regular delay time. 



9. Remove crimp from a 12 gauge 
shotgun cartridge with pen knife^ 
Oi>cn cartridge. Pour shut from 
shell Remove wads and plastic 
liner if present. 



10. Empty the pro{)cllant onto a 
piece of paper. Using a knife, 
divide the propellant in half. 
Replace half of the propellant into 
the cartridge case. 



II. Replace the 12 gauge cardboard 
wads into cartridge case. 




1/2 Original 
Propellant 
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NOTE: If wtds are not available, 
stuff tissue paper or cotton into the 
cartridge case. Pack tightly. 



Tissue Paper 
Cotton 

m. 



HOW TO USE: 



Section IV 

70 No. 3 

GRENADE LAUNCHER 137 MM CAKDBOARD CONTAINER) 

An improvised method of launching a sundard grenade 130 yds. 
1133 meters) or an improvised grenade 90 yds . tOl meters) using a 
discarded carc3>oard ammunition container. 



Method I - When ordinary grenade is used: 

1. Load cartridge in gun. 

2. Push end of push -rod without the rubber disk into hole in wooden 
block fastened to grenade . 

66 

3. Slowly push rod into barrel until it rests against the Cartridge case 
and grenade is in can . If the gtenade is not in the can. remove rod and 
cut to proper size. Push rod back into barrel. 




4. with can holding safety lever of grenade in place, carefully remove 
safety pin. 

CAUTION: Be surd that the sides of the can restrain the grenade safety 
lever. If the sdfety lever should be released for any reason.^ grenade 
will explode after regular grenade delay tilde. 

5. To fire grenade launcher, rest gun in ground at ai^dd determined by 
range desired. A 4S degree an^e should give about ISO meters (160 yds.) 

Method II - When improvised pipe grenade is Used: 

An improvised pipe granade (Section il. No. 1) may be launched in a 
similar manner. No tin can is needed. 




1 . Fasten the grenade to the block as shown above with the fuse hole 
at the end opposite the block. 

2. Push end of push -rod into hole in wooden block fastened to grenads. 

3. Push rod into barrel until it rests against cartridge case. 

69 

4. Load cartridge in gun. 

$. Follow step 3 of Method 1. 

6. Using a fuse with at least a 10 second drlay. light the fuse before 
firing. 

7. Fire when the fuse burns to i/2 its original length. 



MATERIAL REQURFD : 

Heavy cardboard Container with inside diameter of 2-1 '2 t«» 3 in. 

(3-1/2 to a cm) and at IcasrtS in. (30 cm) long (ammunition 
conUincr is suitable) 

Black ponder - s grams (124 grains) or less 
Safety or improvise<l fuse (Section Vi, No. 7) 

Grenade (Improvised hand grenade. Section It, No. 1 may i>e used) 

Rag, ap|>ruxinutely 30 in. x 24 in. (73 cm .\ 00 cmi 

Paper 

CAI’TION: li grams of black powder yield the maximum ranges. Do 

not uae more than this amouiii. See Improvised Seale. Section VII. 
No. 8) for measuring. 



PRCXTEDCRE : METHOD 1 - If Standard Grenade is Used. 

Top of 





3. Insert rag wadding into cmi- 
Uiher. Pack tightly with CAUTION. 

4. .Measure off a length of fuse 
that will give the desired delay. 
Thread this through hole in lx>t- 
tom of container so that it pene- 
trates into the black pow'der package 



Fuse 



Black Powder 
Package 




NOTE: If improvised fuse is used, be sure fuse fits loosely through 

hole in bottom of container. 



3. Hold grenade safety lever and 
carefully withdraw safety pin from 
grenade. Insert grenade into con- 
tainer, lever end first. 




CAUTION: If grenade safety lever should be released for any reason, 

grenade will explode after normal delav time. ^ 



6. Bury coiUaiher about 6 in. (13 cm) in the ground at 30" dngle, bring- 
ing fuse up alongside conUiner. Pack ground Jigblly around conUiner. 
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CAUTION: The tightly pecked dirt helps to hold the tube together dur- 

ing the firing. Do not fire unless st least the bottom half of the ednUiner 
is buried in solidly packed dirt. 



METHOD II - If linprovised Pipe Hand Grenade is Used. 

1. Follow step 1 of above procedure. 

72 

Measure off a piece of fuse at least as long as the cardboard con- 
lainer. Ta|>c one end of this to the fuse from the blasUng cap in the 
Impnn iscd grenade. Be Sure ends of fuse are in contact with each other. 



Tin can, about 4 in. (10 dm) in diameter and 5-1/2 In. (14 cm) high 
Wood, about 3 in. x 3 in. x 2 in. (7-1/2 cm x 7-1/2 cih x 5 cm) 
Nhil. at least 3 in. (7-1/2 cm) long 

Nuta and bolts or nails, st least 2-1/2 in. (6-1/2 cm) long 

Rag 

Paper 

Drill 

If Standard Shotgun is Used: 

Hard wood stick, about the same length as shotgun barrel and about 
5/8 in. (1-1/2 cm) in diameter. Stick need not be round. 

2 arashers (brass, steel, iron, etc.) having ouUide diameter of 5/8 
In. (1-1/2 cm) 

Om wood screw about 1 in. (2-1/2 cm) long 
Rubber disk^ 3/4 in. (2 cm) in diameter and l/4 in. (6 mm) thick, 
leather, cardboard, etc. can be used. 

12 gauge hhotgun ammunition 
If improvised Shotgun is Used: 

Fuse, safety or improvised fast burning (Section VI, No. 7) 

Hard wood stiek, about the same length as shotgun barrel and 3/4 
in. (2 cm) in dUmeter 

Black powder - 9 grams (135 grains). See SecUon VI!. No, 8. 

7k 

PROCEDURE : 



Fuse Connected 
to Blasting Cap 
in Grenade 



Fuse 




Tape 



3. Place free end of fuse and black powder on piece of paper. TiO 4 
with string so contents will not fall out. 




Black Powder 



•mpe 



4. Place package in tube. Insert rag wadding. Pack so it fits snugly. 
Place pipe hand grenade into tube. Be sure it fits snugly. 




^ Black Powder 
Package 

5. insert fuse through hole in end 
of cardboard container. Be sure it 
goes into black powder package. 



NOTE: Cardboord container may 

be used for only one fii'ing. 

6. Follow step 6 of iRethbd I. 

HOW TO USE; 



Rag Wadding 




Fuae 



Black Powder Pipe Hand 
Package 



Light fuse when ready to fire.* 



Section IV 
TJ No. 4 



fire BOTTLE LAUNCHER 

A device using 2 items (shotgun and chemical Are bottle) diet can 
be used to start or place a fire 80 yards (72 meters) from launcher. 
MATERIAL REQUIRED : 

Standard 12 gauge or improvised shotgun (Section 111. No. 2) 
Improvised fire bottle (Section V, No. 1) 



METHOD 1 - If Improvised Shotgun Is Used 



1. Drill hole in center of wood block 
approximately 1 in. (2-1/2 cm) deep. 
Hot* should havs approadmately the 
sa me diameter aa the wooden stick. 



2. Drill 2 small ludes on opposite 
sidss of ths wooden block. Hole 
should be large enough for bolte to 
peas through. 



3. Fasten can to block with 
Bute and bolts. 

NOTE: Can may also be 
sseursly fastened to block 
by hammsrtng several nails 
ttirou^ can and block. Do 
not drill holes, and be care- 
fid hot to sj^it wrood. 

4. Place wodden stick into 
h<de in wodden block. Drill 
small hole (same diameter 
as that of 3 in. nail) through 
wroeden block and through 
wooden stick. Insert nail in 
hdle. 





7 $ 



3. Crumple paper and place in bottom of can. Place another piece of 
paper around fire bottle and insert in can. Use enough paper so that 
bottle writl fit snugly. 



Fire 

Bottle 
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7. Thread fuse through hole in plug. Place pou'der package in rear 
of shotgun. Screw plug finger tight into coupling. 

NOTE: HPle in plug may have to be enlarged for fuse. 

Black Pou'der 




with stick. USE CAUTION . 

METHOD n » If Standard Shotgun is Used ; 

1. Follow Step^ 1 and 2, Shotgun Grenade Launcher, Section IV, No. 2. 

2. Follow procedure of Method I, Steps 1 > 5. 

3. Follow Steps 9, 10, 11, Shotgun Grenade Launcher, Section IV, 

No. 2, using 1/3 of total propellant instead of 1/2. 

4. Load cartridge in gun. 

HOW TO USE: 



K Insert stick and holder coiiUining chemical fire bottle. 




CAUTION: Severe bums may result if bottle ihatters when fired. If 
possible, obtain i bottle identical to that being used as the fire bottle. 
Fill about 2/3 full of water and fire as above. If bottle shatters when 
fired instead Of being launched inuct, use a different type of bottle. 



^Section IV 

77 No. 5 

GRENADE LAUNCHERS 



A variety Of grenade launchers can be fabricated from metal pipes 
and fittings. Ranges up to 600 meters (660 yards) can be Obtained de> 
pending on length of tube, charge, number of grenades, and angle of 
firing. 



MATERIAL REQUIRED : 

Metal pipe, threaded on one end and approximately 2-1/2 in^ (6-1/4 cm) 
in diameter and 14 in. to 4 ft. (36 cm to 119 cm) long depending on 
range desired and number of grenades used. 

End cap to fit pipe 

Black powder, 13 to SO gm, approximately 1-1/4 to 4-1/4 tablespoons 
(Section 1, No. 3) 

Safety fuse, fast burning improvised fuse (Section VI, No^ 7) or 

improvised electric bulb initiator (Section VI, No. 1 Automobile 
light bulb is needed) 

Grenade(s) - 1 to 6 

Rag(s) - about 30 in. x 30 in. (75 cm x 75 cm) and 20 in. x 20 in. 

(55 cm X 55 cm) 

Drill 

String 

NOTE: Examine pipe carefully to be sure there are no cracks or other 

flaws. 

FROCEDUttE: 



METHOD 1 - If Fuse is Used: 



1. Drill small hole through center 
of end cap. 



2. Make small knot near one end 
of fuse. Place black powder and 
knotted end of fuse in paper and tie 
with string. 



End Cap 





3. Thread fuse through hole In end 
cap and place package in end cap. 
Screw end cap onto pipe, being care- 
ful that black powder package is not 
caught between the threads. 




Black Powder 
Package 



4. Roll rag wad so that it is about 
6 in. (15 cm) long and has approxi- 
mately the same diameter as the 
pipe. Push rolled rag into open- 
end of pipe until it rests sgainst 
black powder package. 



5. Hold grenade safety lever bi 
place and carefully withdraw safety 
pin. 
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CAUTION: If grenade safety lever is released for any reason, grenade 
will exido^ after regular time. (4-5 sec.) 



2. Light hise when ready to 



6. Holding safety lever in place, carefully push grenade Into pipe, lever 
end first, unUl it rests against rag wad. 




7. The following table lists various t^s of grenade launchers and their 
performance characteristics. 



DESIRED 

RANGE 


NO. OF 
GRENADES 
LAUNCHED 


BLACK 

POWDER 

CHARGE 


PIPE 

LENGTH 


FIRING 

ANGLE 


250 m 


1 


IS gm 


14»* 


30* 


500 m 


1 


SO gm 


48'* 


10* 


600 m 


1 


50 gm 


48’* 


30* 


200 m 




25 gm 


48- 


30* 



METHOD n - If Electrical Igniter is Used; 

NOTE: Be sure that bulb is in good <^rating condition. 

1, Prepare electric bulb initiator as described in Section VI, No. 1. 

2. Place electric initUtor and black powder charge in paper. Tie ends 
of paper with string. 




HOW TO USE ; 



(a) For this range, an additional delay is required. See Section VI, 
No. 11 and 12. 

(b) For multiple grenade launcher, load as shown. 

NOTE: Since performance of different black powder varies, fire several 
test rounds to determine the exact amount oi powder necessary to achieve 
the desired range. 

Stuffed Rag Black Powder 




HOW TO USE: 



1. Bury at least 1/2 of the launcher pipe in the ground at desired 
angle. ^ Open end should face the expected path of the enemy. Muzale 
may be covered with cardboard and a thin layer of dirt and/or leaves 
as camouflage. Be sure cardboard prevents dirt from entering pipe. 

Grenade 




1. Follow above How to Use, Step 1. 

2. Connect leads to firing circuit. Close circuit when ready to fire. 

Section IV 

8l No. 6 

60 MM MORTAR PROJECTILE LAUNCHER 

A device to launch 60 mm mortar rounds using a metal pipe 2-1/2 in. 
(6 cm) in dianseter and 4 ft. (120 cm) long as the launching tube. 



MATERIAL REQUIRED ; 



Mortar, projectile (60 mm) and chai^ increments 

Metal pipe 2-1/2 in. (6 cm) in diameter and 4 ft. (120 cm) long, threaded 
on one end 

Threaded mid cap to fit pipe 

B<dt, 1/8 in. (3 mm) in diameter and at least 1 in. (2-1/2 cm) long 

Two (2) nuts to fit bolt 

FUe 



DriU 

PROCEDURE : 

1. Drill hole 1/8 in. (3 mm) in 
diameter through center of end 
cap. 



2. Roimd off end of bolt with file . 





3. Place bolt through hole in end 
cap. Secure in place with nuts as 
illustrated. 



4, Serew end cap onto pipe 
tightly. is BOW ready 
for use. 



82 



Rounded End 



I 
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HOW TO USE; 



1. Bury launching tube in Tut 

ground at deaired angle so 

that bottom of tube is at .\^ |j 

least 2 ft. (#0 cm) under- 

ground. Adjust the num- ^ 

her of increments in rear ^ 

finned end of mortar projec- 

tile. See following table 

tor laimchii^ angle and — ! 

number of increments used. 

Finned End 

3. When rea<ly to fire, / 

withdraw safety wire ' 

from mortar projectile. 

Drop projectile into i 

launching tube. FINNED chaiw. 

END FIRST. ^ , \ 



Launching 

Tube 



Section V 
8U No. 1 

CHEMICAL FIRE BOTTLE 

This incendiary bottle is self-igniting on target impact. 



2 Feet 
or more 



Safety Wire 




MATERIALS REQUIRED How Used 

Sulphuric Acid Storage Batteries 
Gasoline Motor Fuel 



ProjMUl. 



Common Source 
Motor Vehicles 
Gas Station or 
Motor Vehicles 
Drug Store 
Food Store 



CAUTION: Be sure bore 
riding pin is in place in 
fuse when mortar pro- 
jectile is dropped into 
tube. A live mortar 
round could explode in 
the tube if the fit U 
loose enough to permit 
the bore ridii^ pin to 
come out partway. 




Bore Riding 



1 CAUTION: 


The rotmd will fire as soon as the projectile is dropped | 


1 mM* iMwgr Miuaa uis open ena oi me cuoe. | 


DESIRED 

RANGE 

(YARDS) 


MAXIMUM 

HEIGHT 

MORTAR 

WILL 

REACH 

(YARdS) 


83 

REQUIRED 
ANGLE OF 
ELEVATION 
OF TUBE 
(MEASURED 
FROM HORI- 
ZCWTAL 
DEGREES) 


CHARGE - 
NUMBER OF 
INCREMENTS 


ISO 


25 


40 


0 


300 


50 


40 


1 


700 


150 


40 


2 


1000 


225 


40 


3 


ISOO 


300 


40 


4 


125 


75 


60 


0 


300 


125 


60 


1 


550 


250 


60 


2 


1000 


375 


60 


3 


1440 


600 


60 


4 


75 


100 


80 


0 


150 


200 


80 


1 


300 


350 


80 


2 


400 


600 


80 


3 


550 


750 


80 


4 



Potassium Chlorate Medicine Drug Store 

Sugar Sweetening Foods Food Store 

Glass bottle with stopper (roughly 1 quart size). 

Small Bottle or jar with lid. 

Rag or absorbent paper (paper towels, newspaper). 

String or rubber bands. 

PROCEDURE 

Sulphuric Acid Must be Concentrated . If battery acid or 
other dilute acid is used, concentrate it by boiling until dense 
white fumes are given off. Container used should be of enamel- 
ware or oven glass. 



CAUTION 

Sulphuric acid will burn skin and destroy clothing. 
If any is spilled, wash it away with a large quantity of 
water. Fumes are also dangerous and should not be 
inhaled. 



2. Remove the acid from heat and allow to cool to room 

temperature, ^ 

”5 

3, Pour gasoline into the large (I quart) bottle until it is ap- 
proximately 2/3 full. »i*isap 

. 1 ,. '“"'‘"‘“‘'I 'ulphuric acid to ga.oline .lowly until 

-PP” 

the bott le thoroughly with clear water, 

CAUTION 

If this is ^ done, the fire bottle may be dangerous 
to handle during use. 



6. Wrap a clean cloth or several 
sheets of absorbent paper around 
the outside of the bottle. Tie with 
string or fasten with rubber bands. 



Gasoline U Cap 
Sulphuric Acid \ 
Absorbent Paper 

Strin,^;^ 



7. Dissolve 1/2 cup (100 gm) of potassium chlorate and 1/2 
cup (100 gm) of sugar in one cup (250 cc) of boiling water. 

8. Allow the solution to cool, pour into the small bottle and 
cap tightly. The cooled solution should be approx. 2/3 crystals 
and 1/3 liquid. If there is more liquid than this, pour off excess 
before using. 

I CAUTION 

Store this bottle separately from the other bottle. 
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HOW TO USE 



1. Shake the tmall bottle to mix 
contents and pour onto the cloth 
or paper around the large bottle. 






Use With Molotov Cocktail 

I Tape the "match end tab" 
of the igniter to the neck of the 
/molotov cocktail. K 



oiLSifAkai 



Bottle can be used wet or after solution has dried. How- 
ever, when dry, the sugar - Potassium chlorate mixture 
is very sensitive to spark or flame and should be handled 
accordingly. 

2. Throw or launch the bottle. 

IVhen the bottle breaks against 
a hard surface (target) the fuel will ignite. 

Section V 
86 No. 2 

IGNITER FROM BOOK MATCHES 

This 

is a hot igniter made from paper book matches for 
use with molotoy cocktail and other incendiaries. 



Grasp the "cover end tab" 
and pull sharply or quickly to 
ignite. — , 



General Use 




Material Required 



Paper book matches. 
Adhesive or friction tape. 



Procedure 



1. Remove the 8taple(s) from 
match book and separate 
matches from cover. 



2. F old and tape one row of 
matches. 



Shape the cover into a tube 
with striking surface on the^ 
inside and tape. Make sureQ 
the folded cover will fit 
tightly around the taped 
match heads. Leave cover 
open at opposite end for in- 
sertion of the matches. 

Push the taped matches in- 
to the tube until the bottom 
ends are exposed about 3/4 
in. (2 cm). 










The book match igniter can be used by itself to ignite 
flammable liquids, fuse cords and similair items requiring 
hot ignition. 

CAUTION 

Store matches and completed igniters in mois- 
tureproof containers such as rubber or plastic bags 
until ready for use. Damp or wet paper book matches 
will not ignite. 

Section V 
88 No. 3 

MECHANICALLY INITIATE^ FIRE BOTTLE 

The mechanically initiated Fire Bottle is an incendiary device 
which ignites when thrown against a hard surface. 

MATERIALS REQUIRED 



Class jar or short neck bottle with 
a leakproof lid or stopper. 

"Tin'* can or similar container just 
large enough to fit over the lid 
of the jar. 

Coil spring (compression) approxi- 
mately 1/2 the diameter of the 
can and 1 1/2 times as long. 
Gasoline 

Four (4) "blue tip" matches 
Flat stick or piece of metal 
(roughly 1/2'* x l/l6" x 4'*) 

Wire or heavy twine 
Adhesive tape 

PROCEDURE 

1. Draw or scratch two lines 
around the can - one 3/4" (19 
mm) and the other 1 1/4" (30 
mm) from the open end. 





Flatten and fold the open 
end of the tube so that it 
laps over about 1 in. (2-1/2 
cm); tape in place. 



2. Cut 2 slots on opposite sides 
of the tin can at the line farthest 
from the open end. Make slots 
large enough for the flat stick or 
piece of metal to pass through. 
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3. Punch Z •mall holes just 
below the rim of the open end of 
the can. 




9. Fill the jar with gasoline and cap tightly. 



10. Turn can over and place over 
the jar so that the safety stick 
rests on the lid of the jar. 



4. Tape blue tip matches together 
in pairs. The distance between 
the match heads should equal the 
inside diameter of the can. Two 
pairs are sufficient. 

Spring 



5. Attach paired matches to 
second and third coils of the 
spring, using thin wire. 




11, Pass wire or twine around 
the bottom of the jar. Thread 
ends through holes in can and 
bind tightly to jar. 




Mat chei 



6. Insert the end of the 
spring opposite the matches 
into the tin can. 







7. Compress the spring until 
the end with the matches passes * ' ' ■ 
the slot in the can. Pass the ^ 

flat stick or piece of metal Matches^^ 
through slots in can to hold 
spring in place. This acts as 
a safety device. 



8. Punch many closely spaced 
small holes between the lines 
marked on the can to form a 
striking surface for the 
matches. Be careful not to I 
seriously deform can. 




12. Tape wire or cord to jar 
near the bottom. 



HOW TO USE 



1. Carefully withdraw flat 
safety stick. 

2. Throw jar at hard surface. 



CAUTION: 

OO NOT REMOVE SAFETY STICK UNTIL READY TO 

THROW FIRE BOTTLE. 

Safety safety stick, when in place, prevents ignition of 

^ the fire bottle if it should accidentally be broken. 

qa Section V 
No. 4 

CELLED FLAME FUELS 

Celled or paste type fuels are often preferable to raw gaio- 
line for use in incendiary devices such as fire bottles. This 
. Spring type fuel adheres more readily to the target and produces 
greater heat concentration. 

Several methods are shown for gelling gasoline using 
commonly available materials. The methods are divided into 
the following categories based on the majo. ingredient: 

4 . 1 Lye Systems 



Lye -Alcohol Systems 

4.3 Soap-Alcohol Systems 

4.4 Egg White Systems 

4 . 5 Latex Systems 

4.6 Wax Systems 

4.7 Animal Blood Systems 
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A ^Section V 
7^ No. 4.1 

GELLED FLAME FUELS 
LYE SYSTEMS 

Lye (alto known at cauttic toda 

or Sodium Hydroxide) can be uted in cornbination with 
powdered rotin or castor oil to gel gato line for ute 
at a flame fuel which will adhere to target turfacet. 

NOTE ; This fuel it not tuitable for ute in the chemical 
(Sulphuric Acidf type of fire bottle (Section V. No.l). 
The acid will react with the lye and break down the gel. 

MATERIALS REQUIRED; 



3 Ethyl Alcohol Whitkey Liquor ttore 

Medicine Drug ttore 

NOTE: Methyl (wood) alcc^ol or itopropyl (rubbing) alcohol can 
be tubttiiuted for ethyl alcohol, but their ute produce t toftcr 
gelt. 

14 Tallow Food Fat rendered by 

Making of toap cooking the meat or 
auet of animal t. 

NOTE: The following can be tubttituted for the tallow: 

(a) Wool greate (Lanolin) (very good) -- Fat extracted from 
theep wooL 

(b) Cattor oil (good). 

(c) Any vegetable oil (corn, cottoiiteed. peanut, lintced. etc.) 

(d) Any fith oil 

(e) Butter or oleomargarine 



Parts by 
Volume 

60 



2 (flake) Or 
1 (powder) 

15 



Ingredient 

Catoline 

Lye 



How Used 
Motor fuel 



Common Source 

Gas ttation or 
motor vehicle 



Rotin 



Drain cleaner. Food ttore 
making, of Drug ttore 

toap 

Manufacturing Naval ttore S 
Paint St Varnith Induttry 



Cattor Oil 
PROCEDURE: 



Medicine 



Food and Drug 
Stores 



CAUTION: Make ture that there are no open flames 
when mixing the flame fuel. NO SMOKING) in the 
area 

1. Pour gasoline into jar, bottle or other container. 

(DO NOT USE AN ALUMINUM CONTAINER.) 

2. If rotin it in cake form, crush into small pieces. 

3. Add rosin or cattor oil to the gasoline 

and stir for about five (5) minutes to mix thoroughly. 



It it necessary when using substitutes (c) to (e) to double the 
given anr>ount of fat and of lye for satisfactory bodying. 

PROCEDURE: 

CAUTION: Make ture that there are no open flames in the area 
when mixing flame fuels. NO SMOKING! 

1. Pour gasoline into bottle, jar or other container. (DO NOT 
USE AN ALUMINUM CONTAINER). 

2. Add Tallow (or substitute) to the gasoline and stir for about 
1/2 minute to dissolve fat. 

3 . Add alcohol to the gasoline mixture . 

4. In a separate container (NOT ALUMINUM) slowly add lye to 

an equal amount of water. Mixture should be stirred constantly 
while adding lye . 

CAUTION: Lye solution can burn skin and destroy clothing. 

If any is spilled, wash away immediately with large quantities 
|of water. 

5 . Add lye solution to the gasoline mixture and stir occasionally 
until thickened (about 1/2 hour). 



NOTE: The mixture will eventually (1 to 2 days) thicken to a 
very firm paste, this can be thinned, if desired, by stirring in 
additional gasoline. v 

4. In a second container (NOT ALUMINUM) add lye to an equal 96 No 4 3 

volume of witer .lowly with .tirring. CELLED FLAME FUfiLS 



CAUTION; Lye solution can burn skin and destroy clothing. If 
any is spilled, wash away immediately with large quantities of water. 



SOAP-ALCOHOL SYSTEM 



5. Add lye solution to the gasoline 

mix and stir until mixture thickens (about one minute). 

NOTE: The sample 

will eventually thicken to a very firm paste. This can 
be thinned, if desired, by stirring in additional gasoline, MATERIAL REQUIRED: 

Section V — 

No. 4.2 Parts by 

CELLED FLAME FUELS Volume Ingredient 



Common household soap can be used in combination with 
alcohol to gel gasoline for use as a flame fuel which will adhere 
to target surfaces. 



9U‘ 



LYE -ALCOHOL SYSTEMS 



36 



Gasoline 



How Used 
Motor fuel 



Lyc (also known as caustic soda or Sodium Hydroxide) can be 
used in combination with alcohol and any of several fats to gel \ 
gasoline for use as a flame fuel. 



Common Source 

Gas station. 
Motor vehicles 



NOTE: This fuel is not suitable for use in the chemical (S\ilphuric 
Acid) type of fire bottle (Section V. No. 1). The acid will react 
with the lyc and break down the gel. 

MATERIALS REQUIRED: 



Ethyl Alcohol Whiskey Liquor store 
Medicine Drug store 
NOTE: Methyl (wood) or isopropyl (rubbing) 

alcohols can be substituted for the whiskey. 



Laundry soap 



Washing 

clothes 



Stores 



Parts by 
Volume 

60 



Ingredient 

Gasoline 



How Used 



Motor fuel 



Common Source 

Gas station or 
motor vehicles 



2 (flake) or Lye 
1 (powder) 



Drain cleaner Food store 
Making of soap Drug store 



20 (pow- 
dered) or 
28 (Hake) 

NOTE: Unless the word *'soap'* actually appears somewhere on 
the container or wrapper, a washing compound is probably a 
detergent. These Can Not Be Used. 

PROCEDURE : 

CAUTION: Make sure that there are no open flames in the area 
when mixing flame fuels. NO SMOKING! 
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1. it bar ioap is used, carve into thin flakes using a knife. 2. Pour egg white into ajar, bottle, or other container and add 

2. I^our alcohol and gasoline into a jar, bottle or other con- ***®^^”*' 

tainer and miSc thoroughly. Add the salt (or other additiVe) to the mixture and stir 

^ ... , « , ,1 It.,. j .occasionally until gel forms (about 5 to 10 minutes). 

3. Add soap powder or flakes to gasoline -alcohol mix and stir 

occasionally until thickened }5 minutes). NOTE: A thicker gelled flame fuel can be obtained by putting 

97 No 4 A capped jar in hot (65*C) water for about 1/2 hour and then 

CELLED flame* FUELS letting them cool to room temperature. (DO NOT HEAT THE 

GELLED FUEL CONTAINING COFFEE). 

EGG SYSTEMS Section V 

77 No. 4.5 

The w)\ite of any bird egg can be used to gel gasoline for use CELLED FLAME FUELS 

as a flame fuel which will adhere to target surfaces. 

LATEX SYSTEMS 



MATERIALS REQUIRED: 




Parts by 
Volume 


Ingredient How Used 


Common Source 


85 


Gasoline Motor fuel 

Stove fuel 
Solvent 


Gas station 
Motor vehicles 


14 


Egg Whites Food 

Industrial pro- 
cesses 


Food store 
Farms 


Any One 


Of The Following: 





Any milky white plant fluid is a potential source of latex 
which can be used to gel gasoline 

materials REQUIRED; 



Ingredient 



How Used 



Common Source 



Gasoline 



Motor fuel Gas station 

Solvent Motor vehicle 



l-*tex. Paints 

commerical or Adhesives 

natural 



Natural from tree or 
plant 

Rubber element 



1 Table Salt Food 

Industrial pro- 
cesses 

3 Ground Coffee Food 



3 


Dried Tea 

Leaves 


Food 


3 


Cocoa 


Food 


2 


Sugar 


Sweetening foods 
Industrial pro- 
cesses 


1 


Saltpeter 

(Niter) 

(Potassium 

Nitrate) 


Pyrotechnics 

Explosives 

Matches 

Medicine 


1 


Epsom salts 


'Medicine 
Mineral water 
Industrial pro- 
cesses 


2 


Waslung soda 
(Sal soda) 


Washing cleaner 

Medicine 

Photography 

98 


ii/2 


Baking Soda 


Baking 

Manufacture of: 
Beverages, 
Mineral waters 
and Medicines 


ii/2 


Aspirin 


Medicine 



PROCEOUftE: 



Sea water 
Natural brine 
Food store 

Coffee plant 
Food store 

Tea plant 
Food store 

Cacao tree 
Food store 

Sugar cane 
Food store 



Natural Deposits 
Drug store 



One of the Following Acids; 



Acetic Acid 
(Vinegar) 



Sulfuric Acid 
(Oil of Vitriol) 



Salad dressing Food stores 

Developing film Fermented apple cider 

Photographic supply 

Storage batteries Motor vehicles 

Material processing Industrial plants 



Hydr^hloric Acid Petroleum wells Hardware store 
(Muriatic Acid) Pickling and metal Industrial plants 
cleaning 

Industrial processes 

NOTE: If acida .re not avaiUble, u.e acid .alt (alum, lulfate. 
and chlortdc. other than aodiuni or potae.ium). The formic aei4 
from crushed red ants can also be used. 






I 



CAUTION: Make «ure that there aHn^pei^uIIirninh^TIeai 
when mixing flame fuels. NO SMOKING! ' 



1 . 



With Conrimercial Rubber Latex; 



Natural deposits 
kieSerite 
Drug stbre 
Food store 

Food store 
Drug store 
Photo supply store 



Food Store 
Drug store 



a. Place 7 parts By volume of latex and 92 parts by volume 
of gasoline in bottle. Cap bottle and shake to mix well. 

b. Add 1 part by volume vinegar (or other acid) and shake 

_jnUil_jeMgrrn 

I Caution : concentrated acid^wil^buri^iki^an^deTrro^*^^ 
clothing. If any is spilled, wash away immediately with large! 
quantities of water. I 

2. With Natural Latex; 



a. Natural la^X should form lumps as it comes from the 
plant. If lumps do not form, add a Small amount Of acid to the 
latex. 

Drug store 

Food store b. Strain off the latex lumps and allow to dry in air. 



CAUTION; Make sure that there are no open Uames in the are 
when mixing flame fuels . NQ SMOKING! 



3 



L Separate egg white from yolk. This can be dohe by breaking 
cs^sfully removin g the yolk with a spimh. 

( NOTE; TO NOT GET THE YELLOW EGG YOLk’ MIXED 
INTO Tffi EGG WHITE, if egg yolk gets into the egg^ 
discard the esg. 



parts by volume of gaSoline. Cover pottle and allow to stand 
until a swollen gel mass is obtained (2 to 3 days). 

1 AT Section V 
No. 4.6 

GELLED FLAME FUELS 
WAX SYSTEMS 

Any of several common waxes can be used to gel gasoline for 
use as a flame fuel which will adhere to target st.-* faces. 
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30 


Animal blood 
Serum 


Food 

Medicine 


Slaughter House 
Natural habitat 


MATERIALS REQUIRED; 




Any one of the fpllowing: 






Parts by 
Volume 


Ingredient 


How Used 


2 

Common Source 


Salt 


Food 

Industrial pro- 


Sea Water 
natural brine 


80 

Any one 


Gasoline 
of the following: 


Motor fuel 
Solvent 


Gas station 
Motor vehicles 


Ground Coffee 


cesyes 

Food 

Caffeine source 
Beverage 


Food store 

Coffee plant 
Food store 


20 


Ozocerite 
Mineral wax 
Fossil wax 
Cere sin wax 


Leather polish 
Sealing wax' 
Candles 
Crayons 
Waxed paper 
Textile sizing 


Natural deppsits 
General storey 
Department store 


Dried Tea 

Leaves 

Sug*r 


Food 

Beverage 

Sweetening foods 
Industrial pro- 
cesses 


Tea plant 
Food store 

Sugar cane 
Food store 




Beeswax 


Furniture and 
floor waxes 
Artificial fruit 
and flowers 
Lithographing 
Wax paper 
Textile finish 
Candles 


Honeycomb of bee 
General store 
Department store 


Lime 


Mortar 

Plaster 
Medicine 
Ceramics 
Steel making 
industrial pro- 
cesses 


From calcium 
carinate 
Hardware store 
Drug store 
Garden supply 
store 



3ayberry wax Candles Natural forrp Baking soda 

Myrtle wax Soaps Myrica berries 

Leather polish General store 
Medicine Department store 

PROCEDURE ; Drugstore 

Epsom salts 

1. Obtaining wax from Natural Sources: Plants and berries^are 
potential sources of natural waxes. Place the plants and/or 
berries in lulling water. The natural waxes will melt. 

Let the water cool. The natural waxes will form a 
solid layer on the water surface. Skim off the solid wax 

and let it dry. With natural waxes which have suspended — 

matter whon melted, screen the wax through a cloth. ”OCEDU|lEt 



Baking 

Beverages Food store 

Medicine Omg store 

Industrial pro> 

cesses 

Medicine store 

Mineral water Natural de« 

posits 

Industrial pro* Food store 

cesses 

103 



2 . Melt the wax and 

pour into jar or bottle which hae been placed 
in a hot water bath. 



1. Preparation of animal blood serum: 

a. Slit animal's throat by Jugular vein. Haag.up-eide down 
to drain. 



3. Add gasoline to the bottle. 

4, When wax has 

completely dissolved in the gasoline , allow the 
water bath to cool slowly to room temperature. 

NOTE: If a gel does not form, add additional wax (up 
to 40% by volume) and repeat the above steps. If no gel 
forms with 40% wax. make a Lye solution by dissolving 
a small amount of Lye (Sodium Hydroxide) in an equal 
amount of water. Add this solution (1/2% by volume) to 
the gasoline wax mix and shake bottle until a gel forms. 

Section V 
102 No. 4. 7 
CELIJSO FLAME FUELS 



be Place coagulated (lumpy) blopd in a cloth or on a screen 
and catch the red fluid (serum) which drains through. 

c. Store in cool p^ce if possible. 

CAUTION: Do not get aged animel blood or the serum into an 
open cut. This can cause infections, 

2. Pour blood eerum into jar, bottle, or other container and 
add gasoline. 

3. Add the salt (or other additive) to the mixture and stir uAtil 

a gel forms. Section V 

IQlf No. 5 
ACiq DELAY INCENDIARY 

This device will ignite automatically after a given time delay. 



ANIMAL BLOOD SYSTEMS 



MATERIAL REQUIRED: 

Animal blood can be used to gel gasoline Itor lise a> a flan s 
fuel which will adhere to target surfaces. 

MATERIAL REQUIRED: 

— Cardboard 



p^xiB Adhesive tape 

by Volume Ingredient How Used Conunon Source Potassium Chlorate 

68 Ga.oline Motor fu«l G.e .tatioa Sulphuric Acid (Battery Acid) 

Solvent Motor vehicles Rubber sheeting (automotive inner tube) 
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PROCEDURE : 

1. Sulphuric #cid mu*t 

be concentrated. If battery acid or other dilute acid 
tr concentrate it by boiling. Container ueed 

should be of enamelware or oven glass. When dense 
white fumes begin to appear, immediately remove the 
acid from heat and allow to cool to room temperature 



Ih^PORTANT: Wash outside of jar thoroughly with clear water. 

II tnis le not done, the jar may be dangerous to handle during use. 

HOW TO USE ; 

1. Place the tube containing the Sugar Chlorate crystals on an 
incendiary or flammable material taped end down. 



2. Turn the jar of sulphuric acid cap end down and slide it into 

CAUTION: Sulphuric acid will burn skin and destroy clothing^^ - JAR WITH 

any is spilled, wash it aw^y with a large quantity of vrater. Fumes SULPHURIC ACID 

[are also dangerous and should not be inhaled. 



2. Dissolve one part by volume of Potassium Chlorate and one 
part by volume of sugar in two parts by volume of boiling water, 

3, Allow the solution to cool. When crystals settle, pour off and 

fl«SS Kntieet JAR 





TUBE OF 

SUGAR CHLORATE 

incendiary or 

_ FLAMMABLE 
MATERIAL 



CARDBOARD 



POTA.SSIUM 

CHLORATE- 

5. Pour wet Potassium Chlorate^-’^^"'*' 

sugar crystals into the tube until 
It IS about 2/3 full. Stand the 
tube aside to dry. 

CARDOARD 
TUBE 

6. Drill a hole through the cap 
of the jar about 1/2 inch (1 1/4 cm) 
in diamete r . 




105 

7. Cut a disc from rubber sheet 
so that it just fits snugly inside 
the lid of the jar. 



8. Partly fill jar with water, cover with rubber disc and cap 
tightly with the drilled lid. Invert bottle and allow to stand for 
a few minutes to make sure that there are no leaks. THIS IS 
EXTREMELY IMPORTANT. 



After a time delay, the acid will eat through the rubber disc 
and ignite the sugar chlorate mix. The delay time depends upon 
the thickness and type of rubber used for the disc. Before using 
this device, tests should be conductei determine the delay time 
that can be expected. 

NO^ A piece Of etanderd automobile inner tube (about 1/32" 
■nilcSTwill provide a delay time of approximately 45 ^Ite, 

Section VI 

106 No. 1 
electric bulb INITIATOR 

trie •Imilar weapons often make use of elec 

light or automobile electric light bulb. ‘ 



MATERIAL REQUIRED Bulb Base 



Electric light bulb and 
mating socket 
Cardboard or heavy paper 
Black Powder 
Adhesive tape 




Filament 
Black Powder 
Cardboard Tube^ 



Cap or Tape 



9. Pour water from jar and fill 
about 1/3 full with concentrated 
sulphuric acid. Replace the 
rubber disc and cap tightly. 




PROCEDURE 
Method I 



1. Break the glass of the elec- 
tric light bulb. Take care not to 
damage the filament. The ini- 
tiator will NOT work if the fila- 
ment ie broken. Remove all 
glass above the base of the bulb. 



CAP 



RUBBER 

DISC 



SULPHURIC 

ACID 



2. Form a tube 3 to 4 inches 
long from cardboard or heavy 
paper to fit around the base of 
the bulb. Join the tube with ad- 
hesive tape. 
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3. Fit the tube to the bulb base 
and tape in place. 



Make eure that the tube does 
not cover that portion of the 
bulb base that fits into the , 
socket. \ 



• Filament 



4. If no socket is available for 
connecting the initiator to the 
firing circuit, solder the con- 
necting wires to the bulb base. 

CAUTION; Do NOT use a hot 
soldering iron on the completed 
igniter since it may ignite the 
Black Powder. J 



Cardboard 

/ Tube Material Required 




Bulb Base 




Paper book matches. 
Adhesive or friction tape. 
Fuse cord (improvised or 
commercial). 

Pin or small nail. 



Procedure 

1. Remove the staple (s) from 
match book and separate 
matches from cover. 



Cut fuse cord so that inner 
core is exposed. 









CUT TO «CMC tUAM 
TO CXfOtC ItINCfl cone 



Black Powder 



5. Fill the tube with Black 
Powder and tape the open end 
of the tube closed. 



Method n 




3. Tape expoted end of fuse 
cord in center of one row 
of matches. 



Fold matches over fuse 
and tape. 




If the glass bulb (electric light) is large enough to hold the 
Black Powder, it can be used as the container. 

PROCEDURE Cornered 5 . 



1 . File a small hole in 
the top of the bulb. 



2. Fill the bulb with Black 
Powder and tape the hole 
closed. 



Black Powder 



109 

Shape the cover into a tube 
with the striking surface on^ 
the inside and tape. Make ^ 
sure the edges of the cover 
at the striking end are butted 
Leave cover open at oppo- 
site end for insertion of the 
matches. 



.6. Push the taped matches 

with fuse cord into the tube 
until the bottom ends of the 
matches are exposed about 
3/4 inch (2 cm). 



- Section VI 

108 No. 2 

FUSE IGNITER FROM BOOK MATCHES 





Flatten and fold the open 
end of the tube so that it 
laps over about 1 inch (2-1/2 
cm): tape in place. 



A simple, reliable fuse igniter can be made from paper 
book matches. 
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8. Push pin or small nail 
through matches and fuse 
cord. Bend end of pin or 
nail. 

Method of Use 

To light the fuse cord, the 
igniter is held by both hands 
and pulled sharply or quickly. 





CAUTION 



Store matches and completed fuse igniters in 
moistu reproof containers such as plastic or rub- 
ber type bags until ready for use. Damp or wet 
paper book matches will not ignite. Fuse lengths 
should not exceed 12 in. {30 cm) for easy storage.] 
These can be spliced to main fuses when needed 



TO mCCMHAOT 
OH OTmO Of yieif 

\% 

m o v ow tm% MTO oaoooo 

I 

3. Position the burning cigarette with fuse so that it 
burns freely. A suggested method is to hang the delay on 
a twig. 

NOTE 

Common dry cigarettes burn about 1 inch every 7 or 
8 minutes in still air. If the fuse cord is placed 1 inch from 
the burning end of a cigarette a time delay of 7 or 8 minutes 
will result. 

Delay time will vary depending upm type of cigarette, 
wind, moisture, and other atmospheric conditions. 



Section VI 

no No. 3 

DELAY IGNITER FROM CIGARETTE 
A simple and economical time delay can be made with 
a cornmon cigarette. 




To obtain accurate delay time, a test run should be 
made under **use** conditions. 

Section VI 
112 No. 4 
WATCH DELAY TIMER 



A nmo doloy devico for use with electrical firing circuits 
can be made by using a watch with a plastic crystal. 



Cigarette, 

Paper match. 

String (shoelace or similsir cord). 

Fuse cord (improvised or commercial). 
Procedure 

CUT SO INNER CORE IS EXPOSED 




5— VW I 
\ 



1. Cut end of fuse cord to expose inner core. 




Material and Equipment Required 

Watch with plastic crystal. 

Small clean metal screw. 

Battery. 

Connecting wires. 

Drill or nail. 

Procedure 

1. If watch has a sweep or large second hand, re- 
move it. If delay time of more than one hour is required, 
also remove the minute hand. If hands are painted, care- 
fully scrape paint from contact edge with knife. 



rust COSO 



2. Drill a hole through the 
crystal of the watch or 
pierce the crystal with a 
beated nail. The hole must 
2. Light cigarette in normal fashion. Place a paper be small enough that the 
match so that the head is over exposed end of fuse cord and screw can be tightly threaded 
tie both to the side of the burning cigarette with string. into it. 
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2. Drill hole com jletely through 
the center of the plug and cap 
large enough that the nail fita 

_ ^ looeely. 

3. Place the screw in the hole y 

and turn down as far as 
possible without making 
contact with the face of the 

watch. If screw has a pointed > f 

tip, it may be necessary to 

grind the tip flat. 3. Enlarge the hole in the plug 1 

except for the last 1/8 in. (3 mm)^ 
so that the fuse cord will Just fit. — 
If no screw is available, pass a bent stiff wire through i 

the hole and tape to the crystal. I 



PLUG 



DRILL 



-DIAMETER OF FUSE CORD 
1/8 in. 

PLUG 



=»ORTANT: 



How to Use 



Check to make sure hand of watch can- 
not pass screw or wire without contact- 
ing it. 



DIAMETER OF NAIL- 



4. Remove the plug from the cap 
and push the flat head nail through 
the hole in the cap from the inside. 



I. Set the watch so that a hand will reach the screw 
OP wire at the time you want the firing circuit completed. 




PIPE CAP 



2. Wind the watch. 8- Cut the striking tips from approximately 10 strike -anywhere 

matches. Place match tips inside pipe cap and screw plug in 

3. Attach a wire from the case of the watch to one***^ tight. ^ 

terminal of the battery. FUSE CORD f 

PIPE PLUG ^ 

4. Attach one wire from an electric initiator (blast- 

ing cap, squib, or alarm device) to the screw or wire on HOW TO USE; 

the face of the watch. 1. Slide the fuse cord into the | I 

hole in the pipe plug. I ^BgOSSXA^ 

5. After thorough inspection is made to assure that 

the screw or the wire connected to it is not touching the face PIPE CAP klATCH HEADS 

or case of the watch, attach the other wire from the initia- NAIL 

tor to the second terminal of the battery. 



PIPE CAP 



MATCH HEADS 



Follow step 5 carefully to prevent prema- 
ture initiation. 

Section VI 
IIU No, 5 

NO-FLASH FUSE IGNITER 

A simple no-flash fuse igniter can be made from common 
pipe fittings. 

MATERIAL REQUIRED; >f797?TV 



1/4 in. (6mm) Pipe Cap 
Solid 1/4 in. (6mm) Pipe Plug 
Flat head nail about 1/16 in. 

(1 1/2 mm) in diameter 
Hand Drill 

Common "Strike Anywhere" 
Matches 
Adhesive Tape 



2. Tape igniter to fuse cord. 




PROCEDURE : 

1. Screw the pipe plug tightly 
into the pipe cap. 






3* Tap point of nail on a hard 
surface to ignite the fuse. 




Section VI 
U6 No. 6 

DRIED SEED TIMER 

A time delay device for electrical firing citcuits can be 
made using the principle of expansion of dried seeds. 

MATERIEL REQUIRED ; 

Dried peas, beans or other dehy- 
drated seeds 
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V^ide mouth glass jar with non- 
metal cap 

Two screws or bolts 
Thin metal plate 
Hand driU 
Sc rewd river 



T1M£R 



Expansion of the seeds will raise the metal disc until it 
contacts the screws and closes the circuit. 

-B CONNECTING WIRES ^EXPLOSIVE 



PROCEDURE : 

1. Determine the rate of rise of theorTeo^eds selected. This 
is necessary to determine delay time of the timer. 



hewrs* 



-BLASTING CAP 



Place a sample of the dried seeds in the jar and cover ®^-^TlNG 

with w»ur. U.8 

FUSE CORDS 

Measure the time it takes for the seeds to rise a given 

h.igKt. Most dried ...d. incr.a.e 50% In on. to two Th... f„,. cord. or. u.«d for igniting propellant, and 

incendiaries or, with a non -electric blasting cap, to detonate 
m — w explosives. 



2. Cut a disc from thin metal 
plate. Disc should fit loosely > 
inside the jar. ^ 

NOTE: If metal is painted, 
rusty or otherwise coated, it must 
be scraped or sanded to obtain 
a clean metal surface. 



FAST BURNING FUSE 

The burning rate of this fuse is approximately 40 in. (100 cm) 
per minute. 



METAL PLATE 



3. Drill two holes in the cap of 
the jar about 2 inches apart. 
Diameter of holes should be such^ 
that screws or bolts will thread 
tightly into them. If the jar has 
a metal cap or no cap, a piece 
of wood or plastic (NOT METAL) 
can be used as a cover. 



117 

4. Turn the two screws or bolts 
through the holes in the cap. 
Bolts should extend about one in. 
(2 1/2 cm) into the jar. 

[ IMPORTANT: Both bolts must 
extend the same distance below 
the container cover. 



MATERUL REQUIRED : 

Soft Cotton String 
^Fine 31ack Powder --or- 
Piece of round stick 
Two pans or dishes 

PROCEDURE: 



Potassium Nitrate (Saltpeter) 25 parts 
Charcoal 3 parts 

[^Sulphur 2 parts 



DRILL 






JAR CAP 



' 1. Moisten fine Black Powder to form a paste or prepare a sub- 
stitute as follows: 

a. Dissolve Potassium Nitrate in an equal amount of water. 

b. Pulverize charcoal by spreading thinly on a hard surface 
and rolling the round stick over it to crush to a fine powder. 

c. Pulverize sulphur in the same manner. 

d. Dry mix sulphur and charcoal. 

c. Add Potassium Nitrate solution to the dry mix to obtain 
a thoroughly wet paste. STRING NAIL 



5. Pour dried seeds into the container. The level will depend — e 

upon the previously measured rise time and the desired delay. 2. Twist or braid three strands 

of cotton string together. \ 

metal ^ 



BOARD 



6. Place the metal disc in the! 
jar on top of the seeds. I 



BLACK POWDER PASTE 



HOW TO USE: 



3. Rub paste mixture into twisted 
-DRIED SEEDS *tring with fingers and allow to dry. 



1. Add just enough water to completely cover the seeds 
and place the cap on the Jar. 

2. Attach connecting wires from 
the firing circuit to the two screws 
on the cap. 



CONNECTING 

WIRES 

'METAL DISC 



dried 

SEEDS 



/r 

4. Check actual burning rate of fuse by measuring the time it 
takes for a known length to burn. This is used to determine the 
leni^h needed for a desired delay time. If 5 in. (12 1/2 cm) burns 
for o seconds, 50 in. (125 cm) of fuse cord will be needed to 
®Main a one minute (60 second) delay time. 

S SLOW BURNING FUSE 

The burning rate of this fuse is approximately 2 in. (5 cm) per 
minute. 

' MATERIAL REQUIRED ; 

Cotton String or 3 Shoelaces 
Potassium Nitrate or Potassium Chlorate 
Granulated Sugar 
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PROCEDUR E: 

1. W»»h cotton* string or shoelaces in hot soapy water; rinse in 
fresh water. 

2. Dissolve 1 part Potassium Nitrate or Potassium Chlorate 
and 1 part granulated sugar in 2 parts hot water. 

3. Soak string or shoelaces in solution. 

4. Twist or braid three strands of string together and allow to 
dry. 

5. Check actual burning rate of the fuse by measuring the time 
it takes for a known length to burn. This is used to determine 
the length needed for the desired delay time. If 2 in. (5 cm) 
burns for 1 minute, 10 in. (23 cm) will be needed to obtain a 3 
minute delay. 

NOTE: The last few inched of this cord (the end inserted in the 
material to be ignited) should be coated with the fast burning 
BUck Powder paste if possible. This must be done when the 
fpse is used to ignite a blasting cap. ' 




REMEMBER: The burning rate of either of these fuses can vary| 
greatly, ^ Not Use for ignition until you have checked their 
burning rate. 



NOTE: The string must keep the rear end of the clothespin closed so 
that the Jaws stay open and no contact is made between the wires. 
HOW TO USE : 

V 

To Firing 
Circuit 
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No. 8 

CLOTHESPIN TIME DELAY SWITCH 

A 3 to 5 minute time delay switch can be made from the clothespin 
switch (SecUon VII, No. 1) and a cigarette. The system can be used for 
initiation of explosive charges, mines, and booby traps. 

MATERIAL REQUIRED : 

Spring type clothespin 

Solid or stranded copper wire about 1/16 in. (2 mm) in diameter (Reid or 
bell wire is suitable) 

Fine string, about 6 inches in length 
Cigarette 
Knife 

PROCEDURE: 



1. Strip about 4 inches (10 om) of 
insulation from the ends of 2 copper 
wires. Scrape copper wires with 
pocket knife until metal is shiny. 



2. Wind one scraped wire tightly 
on one Jaw of the clothespin, and 
the other wire on the other Jaw so 
that the wires will be in contact 
with each other when the Jaws are 
closed. 



Suspend the entire system verti- 
cally with the cigarette Up down. 
Light tip of cigarette. Switch will 
close and initiaUon will occur when 
the cigarette bums up to and 
through the string. 




To firing 
Circuit 



Cigarette 




NOTE: Wires to the firing circuit must not be pulled taut when the 
switch is mounted. This could prevent the Jaws from closing. 

SECTION VI 
122 No. 9 

TIME DELAY GRENADE 

This delay mechanism makes it possible to use an ordinary grenade 
as a time bomb. 



MATERIAL REQUIRED : 

Grenade 
Fuse Cord 



IMPORTANT: Fuse cord must jbe the type that burns completely. 
Fast burning improvised fuse cord (Section VI. No. 7) is suitable. 
Safety fuse is ^ satisfactory, since its outer covering does not 
bum. 

Measured Length 
’ Fuse Cord 
^Safety Lever 



PROCEDLTIE: 



Knot 



1. Bend end of safety lever upward 
to form a hook. Make a single loop 
of fuse cord around the center of 
the grenade body and safety lever. 
Tie a knot of the non-slip variety at 
the safety lever. 




Pin 



Loop of 
Fuse Cord 



3. Measuring from tip of cigarette, 
measure a length of cigarette that 
will correspond to the desired delay 
time. Make a hole in cigarette at 
this point, using wire or pin. 

121 

NOTE: Delay time may be adjusted by varying the burning length of the 
cigarette. Burning rate in still air is approximately 7 minutes per inch Measuring from the Hnot along the free length of the fuse cord, 
(2.5 cm). Since this rate varies with environment and brand of cigarette, measure off a length of fuse cord that will give the desired delay 
it should be tested in each case if accurate delay time ia desired. time. Cut off the excess fuse cord. 



pin or Wire 



^OTE: The loop must be tight enough to hold the safety lever in posi- 
Ition when the pin is removed. 
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HOW TO USE; 



1. Place hand around serenade and 
safety lever so safety lover is held 
in place. Carefully remove pin. 



2. Emplace grenade in desired 
location while holding grenade and 
safety lever 




3. Very carefully remove hand from grenade and safety lever, makii^^ ^ ^ 



sure that the fuse cord holds the safety lever in place. 

123 




To Firing 
Circuit 



Wood 

Block 



Pinholo 



CAUTION: If lo <9 and knot of fuse cord do not hold for aity reason 
and the safety lever is released, the grenade will explode after the 
regular deUy time. 

4. light free end of ftise cord. SecUqn VI 
12l| No. 10 
CA.N-LIQLID TIME DELAY 

A time delay device for electrical firing circuits can be made using 
a can and liquid. 

MATERIAL REQUIRED : 

Can 

Liquid (water, gasoline, etc.) 

Small block of wood or any material that will float on the liquid used 
Knife 

2 pieces of solid wire, each piece 1 foot <30 cm) or longer 
PROCEDURE: 




1. Make 2 small holes at opposite 
sides of the can very close to the 
top. 



2. Remove insulation from a long 
piece of wire for a distance a little 
greater than the diameter of the can. 



3. Secure the uire in place across 
the top of the can by threading it 
through the holes and twisting in 
place, leaving some slack. Make 
loop in center or wire. Be sure a 
long piece of wire extends from 
one en.d of the can . 



4. Wrap a piece of insulated uire around the block qf wood. Scrape 
insulaticm from a small section of this wire and bend as shoun so that 
wire conUcts loop before wood touches bottom of conUiner. Thread 
this wire through the loop of bare wire. 

5. Make a very small hole (pinhole) in the side of the conUiner. FlU 
container with a quantity of liquid corresponding to the desired delg>' 
time, Since the rate at which liquid leaves the can depends upon weather 
conditions, liquid used, size of hole, amount of liquid in the conUiner. 
etc. . determine the delay time for each individual case. Delays from 

a few minutes to many hours are possible. Vary time by adjusting liquid 
Uevel, type of liquid (\vater. oil) and hole size. 




1. FiU can with liquid to the same level as during experimental run 
(sup $ above). Be sure that wooden block floaU on Uquid and that wire 
ia free to move down as liquid leaves container. 

2. Connect wires to firing circuit. 

MOTE: A long Urm delay can be obtained by placing a volaUle liquid 
(fuoline. ether, etc.) in the can inaUad of water and relying on evapo- 
raa« to lower the level. Be sure that the wood will float on the liouid 
DO NOT MAKE PINHOLE IN SIDE OF CAN! 

_ ^ . Section VI 

X2o No. 1 1 

SHORT TERM TIME DELAY FOR GRENADE 

A simple modification can produce delays of approximately 12 sec- 
onds for grenades when fired from Grenade Launchers (Section IV, No. 5). 

material REQUIRED ; 

Grenade 

Nail 

Knife \ 

Pliers I 
Safety fuse 



may not be needed 



Crimp 



NOTE: Any safety’ or improvised fuse may be used. Houever, since dif- 
erent time delays sill result, determine the burning rate of the fuse first 
P gpCEDUI^E : ^ 

Grenade 

1 . Unscrew fuse mechanism 
from body of grenade and re- 
move. Pliers nuy have to 
be used. 



2. . Carefully cut with knife 
or break off detonator 
at crimp and save for later 



CAUTION: If detonator U cut or broken below the crimp, detonation 
may occur and severe injuries could result. j 




3. Remove safety pin pull ring 
and lever, letting striker hit the 
primer. Place fuse mechanism 
aside until delay fuse powder 
mix in mechanism is completely 
burned. 



striker 



Pin 




Safety Pin 
Pull Rii^ 
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127 




5. Remove primer from fuse 
mechanism hy pushinp; nail 
throufi;h bottom end of primer 
hole and ta|>pinp: with Ivimmcr. 




6, Insert safety fuse througit io\i 
of primer hole. Knlargc hole If 
ncecssary. The fuse should go 
eomplctely through the hole. 




7 . Insert fuse Into detonator and 
tape it securely to modified fuse 
mechanism. 




MOTE: Be sure that fuse rests firml>’ against detonator at all times. 



9. Screw modified fuse mechanism back into grenade. Grenade is now 



ready for use. 



NOTE: If time delay is used for 
Improvised Grenade Launchers 
(Section IV» No. 5) r 

1. Wrap tape around safety 
fuse. 

2. Securely tape fuse to 
grenade. 

3. Load grenade in launcher. 
Grenade will explode in 
approximately 12 seconds 
after safety fuse burns up 
to bottom of grenade. 



126 



Tape 




« „SecUon VI 
127 No. 12 

LONG TERM TIME DELAY FOR GRENADE 



A simple modiRcation can produce delays of approximately 20 sec^ 
onds for grenades when fired from Grenade Launchers (Section IV. No. 5). 
MATERIAL REQUIRED : 

Grenade 

NaU 

**Strike-anywhere" matches. 6 to 8 
Pliers (may not be needed) 

Knife or sharp cutting edge 
Piece of wood 
Safety fuse 

NOTE: Any safety or improvised fuse may be used. However* since 
different time delays wilt result, determine the burning rate of the fuse 
first. 

PROCEDURE : Body of 



1. Unscrew fuse mechanism 
from body of grenade and 
remove. Pliers may have to 
be used. 



2. Insert nail completely through safety hole (hede over primer). 

Striker 

Nail. 




3. Carefully remove safety pin 
pull ring and lever, and allow 
striker to hit nail. 



Pin 



130 




Safety Pin 
Pull Ring 



I CAUTKM: If for any reason, striker should hit primer instead of nail, 
detonator will explode after (4>5 sec.) delay time. 



Primer 



4 . Push pin out and remove spring 
and striker. Remove nail. 



Fuse Mechanism 
(Pin, Spring and 
Striker Removed) 




5. Carefully remove top 
section of ftise mechanism 
from bottom section by un- 
screwing. Pliers may 
have to be used. 

I CAUTION: Use extreme 
care - sudden shock may 
set off detonator. 




Safety 

Fuse 



Detonator 
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6. Fire primer by hitting nail placed against top of it. Remove 
fired primer (same as procedure 5 of Section VI, No. II). 




CAUTION: Do not hold assembly in your hand during above operation, 
as serious bums may result. , 



NOTE: If time delay is used for 
Improvised Grenade Launchers 
(SecUon IV. No. 5) - 

1 . Wrap tape around safety 
fxise. 

2. Securely tape fuse to 
grenade 

3. Load grenade in launcher. 
Grenade will explode in 
approximately 20 seconds 
after safety fUse bums up 
to bottom of grenade. 




20 Sec Burning 
Time from this 



Point 



7. Scrape delay fuse powder with a sharpened stick. Loosen about 
1/4 in. (6 mm) of powder in cavity. 




Section VH 

133 No. I 

CLOTHESPIN SWITCH 

A spring type clothespin is used to make a circuit clos- 
ing switch to actuate explosive charges, mines, booby traps 
and alarm systems. 



8. Cut off tips (not whole head) of 6 "strike^-anywhere" matches with 
sharp cutting edge. Drop them into delay fuse hole. 




"Strike -Anywhe re " 
Match Tip 



9. Place safety fuse in delay 
fuse hole so that it is flush 
against the match tips . 

IMPORTANT: Be sure fuse 
remains flush against the 
match tips at all times. 

10. Thread fuse through 
primer hole. Enlarge hole 
if necessary. Screw mod- 
ified fuse mechanism back 
together. Screw combina- 
tion back into grenade. 
Grenade modification is 
now ready for use. Light 
fuse when ready to use. 




Material Required 

Spring type clothespin. 

Solid copper wire -- 1/16 in. (2 mm) in 
Strong string on wire. 

Flat piece of wood (roughly 1/8 x 1” x 2' 
Knife. 

Procedure 



Strip four in, (10 cm) of in-, 
sulation from the ends of 2 ^ 
solid copper wires. Scrape 
copper wires with pocket 
knife until metal is shiny. 

Wind one scraped wire 
tightly on one jaw of the 
clothespin, and the other 
wire on the other jaw. 

Make a hole in one end of 
the flat piece of wood using 
a knife, heated nail or drill 

Tie strong string or wire 

through the hole. f 




tViTCN 



diameter. 







fkAT meet 



|T««M ir»iM 
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5. Place flat piece of wood be- 
tween jaws of the clothespin 
switch. 

Basic Firing Circuit 





STAPLE 
TRIP LEVER 



CLOTHESPIN 

SWITCH 




'^STNONO TWINE 

>SATTENY ON FISH UNE 

When the flat piece of wood 
is removed by pulling the string, the jaws ot 
the clothespin will close comp leting the circuit. 

CAUTION 



Do not attach the battery until the switch ancf 
jtrip w'ire have been emplaced and examined. Be 
sure the flat piece of wood is separating the Jawaj 
[of the switch. 



2. Retract the striker of the 
mousetrap and attach the trip 
lever across the end of the wood 
base using the staple with which 
the holding wire was attached. 

NOTE: If the trip lever is not 
made of metal, a piece of metal 
of approximately the same size 
sho^d be used. 

3, Strip one in. (2 1/2 cm) of insulation from the ends of 2 
connecting wires. 



4. Wrap one wire tightly around 
the spring loaded striker of the 
mousetrap* 



5. Wrap the second wire around 
some part of the trip lever or 
piece of metal. . 

— ' — I 

NOTE; If a soldering iron is I 
j available, solder both of the I 
wires in place. 1 



HOW TO USE; 




CONNECTING WIRES — 



A Method of Use 



/MAIL TO »TA«C 

«m«t two rofttv 

AIL ) 




This switch can be used in a number of ways -- one typical method 
is presented here. 

The switch is placed inside a box which also contains the explosive 
and batteries. The spring loaded striker is held back by the Ud 
of the box and when the box is opened the circuit is closed. 

Shelf Explosive Blasting Cap 

Mousetrap Switch 



Box 



• Section VII 
No. 2 

MOUSETRAP SWITCH 




Battery 



Section VU 

137 No, 3 



FLEXIBLE PLATE SWITCH 

A conrumon mousetrap can be used to make a circuit closing 
switch for electrically initiated explosives, mines and booby This pressure sensitive switch is used 
traps. initiating emplaced 

mines and explosives. 

MATERIAL REQUIRED: 

MATERIEL REQUIRED : ^ 

Mousetrap 
Hacksaw* or File 
Connecting wires 



Two flexible metal sheets 
one approximately 10 in. (25 cm) square 
one approximately 10 in. x 8 in. (20 cm) 
Piece of wood 10 in. square by 1 in. thick 
Four soft wood blocks 1 in.x 1 in.x 1/4 in. 
Eight flat head nails, 1 in. long 
Connecting wires 
Adhesive tape 

PROCEDURE ; 

1, Nail 10 in. x 8 in. metal NAILS 
sheet to 10 in. square piece of 
wood so that 1 in. of wood shows 
on each side of metal. Leave 
one of the nails sticking up 
about 1/4 in. 



PROCEDURE ; 

1. Remove the trip lever from 
the mousetrap using a hacksaw 
or file. Also remove the staple 
and holding wire. 






METAL 

SHEET 



WOOD BASE 
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2. Strip insulation from the end 
of one connecting wire. Wrap 
this end around the nail and 
drive the nail all the way in 



3. Place the four wood blocks 
on the corners of the wood 
base. 



4. Place the 10 in. square 
flexible metal sheet so that it 
rests on the blocks in line 
with the wood base. 



5. Drive four nails through the 
metal sheet and the blocks to 
fasten to the wood base. A 
second connecting wire is attache 
to one of the nails as in Step 2 





~^/}tTT7TTT7TT 



Section VII 

139 No. 4 

METAL BALL SWITCH 

This switi'h will close an o^^'ctric circuit when it is tipped 
in any direction. It can be used alone for booby traps or in 
combination with another switch or timer as an anti-disturbance 
switch. 



ft 



MATERIAL REQUIRED: 

Metal Ball 1/2" ( 1 1/4 cm) 
diameter (see Note) 

Solid copper wire 1/16" (1/4 cm) 
diameter 

Wood block 1" (2 1/2 cm) square 
by 1/4" thick 
Hand drill 
Connecting wires 
Soldering iron & solder 

NOTE ; If other than a 1/2" diameter ball is used, other dimensions 
must be changed so that the ball will rest in the center hole of the 
block without touching either of the wires. 




^i^ap adhesive tape around the 
edges of the plate and wood base. 
This will assure that no dirt or 
other foreign matter will get 
between the plates and prevent 
the switch from operating. 

TAPE 



HOW TO USE: 




PROCEDURE: 



1. Drill four 1/16" holes and 
one 1/8" hole through the wood 
block as shown. 



1/16" HOLE 
1/8" HOLE 




2. Form two "U" shaped pieces 
from 1/16" copper wire to the 
dimensions shown. 



THIN LAYER OF DIRT 



th. 



SWITCH 




/ 



ROAD SURFACE 



7777777777 




CONNECT TO 
EXPLOSIVE 

When a vehicle passes over the switch, the two mtal 
plates make contact closing the firing circuit. 



3. Wrap a connecting wire 
around one leg of each "U" 
^®sst 1/4" from the end and 
solder in place. 



4. Place metal ball on block so 
that it rests in the center hole. 

5. Insert the ends of the small 
"U" into two holes in the block. 
Insert large "U" into the re- 
maining two holes. 
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CAUTION: Make sure that the 
metal ball does not touch either 
*'U** shaped wire when the switch 
is standing on its base . If the 
ball does touch, bend wires out- 
ward slightly. 




Contacts 



Wire 



HOW TO USE: 

5. Securely tape contact strips 

Mount switch vertically and connect in electrical firing <ides of container, 
circuit as with any other switch. When tipped in any direction 



it will close the circuit. 




Wire 



Container 



Small 

Clearance 



[ CAUTION: Switch must be mounted vertically and not! 
disturbed while completing connections . | 

lol No. 5 

ALTIMETER SWITCH 

This switch is designed for use with explosives placed on 
aircraft. It will close an electrical firing circuit when an 
altitude of approximately 5000 ft (I -1/2 KM) is reached. 

MATERIAL REQUIRED : 

Jar or tin can 

Thin sheet of flexible plastic or waxed paper 
Thin metal sheet (cut from tin can) 

Adhesive Tape 
Connecting Wires 

PROCEDURE; 

1. Place sheet of plastic or waxed paper over the top of the can 
or Jar and tape tightly to sides of container. 

I TJoTET^UsuTTheeMihoulI^^ A small I 

depression should be left in the top. 



Plastic Sheet 



HOW TO USE; 




Contacts Taped 
To Container 




1. Connect the altimeter switch in an explosive circuit the same 
as any switch. 

2. Place the explosive package on airplane. As the plane 
rises the air inside the container will expand. This forces the 
plastic sheet against the contacts closing the firing circuit. 

NOTE; The switch wiu not lunccion in a press unxeo caoin. I 
It must be placed in some part of the plane which will not be I 
pressurised. I 




2. Cut two contact strips from thin metal and bend to the 
shapes shown. 

Outside Diam* 
of Container 




1/2 Oiam. 
of Container 



Small Hole 







). Strip insulation from the 
ends of two connecting wires. 
Attach one wire to each contact 
strip. 

NOTE; If a soldering iron is 
available solder wires in 
place . 




^ I « seouon vn 
^3 No. 9 

PULL-LOOP SWITCH 

This switch will initiate explosive charges, mines, and booby traps 
when the trip wire is pulled. 



MATERIAL REQUIRED : 

2 lengths of insulated wire 
Knife 

Strong string or cord 

Fine thread that will break easily 

PROCEDURE : 

1. Remove about 2 Inches of in- 
sulation irom one end of each 
length of wire. Scrape bare wire 
with kails until metal is shiny. 



2. Make a loop out of each piece 
of bare wire. 

3. Thread each wire throu^ the 
loop of the other wire so the wires 
can slide along each other. 



NOTE: The loops should c<mtact each other when the twowims are 
pulled taut. 

IM 

HOW TO USE: 




Loops 



2h2 

4. place contact strips over container so that the larger contact 
is above the smaller with a very small clearance between the 
two. 



1. Separate loops by about 2 in- 
ches. Tie piece of fine thread 
around wires near each loop 
Thread should be taut enou^ to 
support loops and wire, yet fine 
enough that it will break under a 
very slight pull. 




Wire 
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2. Fasten one wire to tree or stake and connect end to firing circuit. 

3. Tie a piece of cord or string around the other piece of wire a few 

inches from the loop. Tie free end of cord around tree, bush, or stake. 
Connect the free end of the wire to the firing circuit. Initiation will 
occur when the tripcord is pulled. 

I CAUTION: Be sure that the loops do not conUct each other when the 
wires are connected to the firing circuit. 



Pull-Loop Switch < 




OTHER USES : The switch minus the fine thread may be used to activate 
a booby trap by such means as attachii« it between the lid and a rigid 
portion of a box, between a door and a door jamb, and in similar manners 
- I - Section VII 
No. 7 

KNIFE S^^TTCH 

This device will close the flring circuit charges, mines, and booby 
traps when the trip wire is pulled or cut. 

MATERIAL REQUIRED: 



Knife or hack saw blade 
6 nails 

Strong string or light rope 



Sturdy wooden board 
Wire 



PROCEDURE : 

1. ' Place knife on board. Drive 2 nails into board on each side of knife 
handle so knife is held in place. 

2. Drive one nail into board so that it touches blade of knife near the 
point. 



MATERIAL REQUIRED : 

Pages from Improvised Munitions Handbot^ 

Straight sticks about 1 foot (30 cm) long and 1/4 in. (5 mm) in diameter 
Thread or fine string 
PROCEDURE : 

1. Make a notch about 1/2 in. (1 cm) from each end of stick. Be sure 
that the two notches are the same distance from the end of the stick. 

2. Find the exact center of the stick 
by folding in half a piece of thread 
the same length as the stick and 
placing it alongside the stick as a 
ruler. Make a small notch at the 
center of the stick. 

3. Tie a piece of thread around the 
notch. Suspend stick from branch, an- 
other stick wedged between rocks, or 
by any other means. Be sure stick is 

balanced and free to move. i ■' tP ) 



NOTE: If stick is not balanced, 
shave or scrape a little off the heavy 
end until it does balance. Be sure 
the lengths of the arms are the same . 

4 . Make a container out of one 
piece of paper. This can be done by 
rolling the paper into a cylinder and 
folding up the bottom a few times. 




1/2 length 
of stick 



Wires to 



Circuit 



point. 5. Punch 2 holes at opposite sides 

of paper container. Suspend con- ^ 

3. AtUch rope to knife. Place rope across path. Apply tension to talner from one side of stick. ! 

rope, pulling knife blade away from nail slightly. Tie rope to tree, • \ 0 m 

bush, or stake. ' 

6. Count out the number of hand- ^ 

4. Drive another nail into board near the tip of the knife blade as shown book pages equal in weight to that 
below. Connect the two nails with a piece of conducting wire. Nail should of the quantity of material to be 
be positioned so that it will contact the second nail when blade is pulled weighed. Each sheet of paper 

about 1 inch (2- 1/2 cm) to the side. weighs about 1 . 3 grams (20 grains / 

or .04 ounce). Suspend these Jq j 

sheets, plus one , to balance con- n M j 

tainer on the other side of the / j 

scale. K / 

7. Slowly add the material to be / i J 

weighed to the container. When the m g j 

stick is balanced, the desired gjr / 

i amount of material is in the J 

" container . 

tn rension — 8. If it is desired to weigh a quantity of material larger than that which 

NOTE: Check position of nails to knife blade. The nails should be would fit in the above container, make a container out of a larger paper 

placed so that the knife blade will contact either one when the rope Is or paper bag, and suspend from one side of the stick. Suspend hand- 

pulled or released. book pages from the other side until the stick is balanced. Now place 

a number of sheets of handbook pages equal in weight to that of the 

HOW TO USE : desired amount of material to be weighed on one side, and fill the 

...... container with the material until the stick is balanced. 

Attach one wire from firing circuit to one of the nails and the other to . , .. . . ^ . , 

^ ^ w 1 . J w , 1 . .-4 *. 9. A similar method may be used to measure parts or percentage by 

the knife blade. The circuit will be completed when the tripcord is 

pulled or released weight. The weight units are unimportant. Suspend equal weight con- 

Section VII tainers from each side of the stick. Bags, tin cans. etc. can be used. 

T)|/^ g Place one material in one of the containers. Fill the other container 

IMPROVISED SCALE other material until they balance. Empty and refill the num- 

ber of times necessary to get the required parts by weight (e.g. . 5 to 1 
This scale provides a means of weighing propellant and other P^rts by weight would require 5 fillings of one can for one filling of the 
items when conventional scales or balances are not available. other). 




Tripcord 



in Tension 

NOTE: Check position of nails to knife blade. The nails should be 

placed so that the knife blade will contact either one when the rope Is 
pulled or released. 

HOW TO USE : 

Attach one wire from firing circuit to one of the nails and the other to 
the knife blade. The circuit will be completed when the tripcord is 
pulled or released. 

Section VII 
lU6 No. 8 

IMPROVISED SCALE 
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111 ? 



CAUTION: If safety lever should be released for any reason, grenade 
will explode after regular delay time (4-3 sec.). 



NOTE : If diameter of safety fuse is too large to fit in hole (Step 4), 
follow procedure and How to Use of Time Delay Grenade, Section VI, 
No. 9, instead of Steps 3 and 4 above. 

HOW TO USE : 

1. Light fuse. 

2. Whirl grenade overhead, holding knot at end of rope, until grenade 
picks up speed (3 or 4 turns). 

3. Release when sighted on target. 



CAUTION: Be sure to release grenade within 10 seconds after fuse 
is lit. 



Section VII 

ll|8 No. 9 

ROPE GRENADE LAUNCHING TECHNIQUE 



NOTE: It is helpful to practice first with a dummy grenade or a rock 
to improve accuracy. With practice, accurate launching up to 100 meters 
(300 feet) can be obtained. 

A method of increasing the distance n grenade may be thrown^ Safety 
fuse is used to increase the delay time. 



MATERIAL REQUIRED : 



Hand grenade (Improvised pipe hand grenade, Section 11, No. 1 may be 
used) 

Safety fuse or fast burning Improvised Fuse, (Section VI, No. 7) 

Light ro))e, cord, or string 



Section VII 
No. 10 

BICYCLE GENERATOR POWER SOURCE 



150 



PnOCEDURE : 

1; Tie a 4 to G foot (1 meter) length 
of cord to the grenade. Be sure 
that the rope will not prevent the 
grenade handle from coming off. 




A 6 volt, 3 watt bicycle generator will set off one or two toasting 
caps (connected in series) or an igniter. 

MATERIAL REQUIRED : 

Bicycle generator (6 volts, 3 watt) 

Copper wire 
Knife 



PROCEDURE : 

Note: If improvised grenade is used, tie cord around grenade near the 



end cap. Tape in place if necessary. 

2. Tie a large knot in the other end of the cord for use as a handle. 



3. Carefully remove safety pin from 
grenade, holding safety lever in 
place. Enlarge safety pin hole with 
point of knife, awl, or drill so that 
safety fuse will pass through hole. 



1. Strip about 4 in. (10 cm) of 
coating from both ends of 2 copper 
wires. Scrape ends with knife 
until metal is shiny. 




Safety Fuse 



4. Insert safety fuse in hole. Be 
sure that safety fuse is long enough 
to provide a 10 second or more time ‘ 
delay. Slowly release safety lever 
to make sure fuse holds safety 
lever in place. 




Connect the end of one wire to 
the generator terminal. 



or Squib 



3. Attach the end of the second 
wire to generator case. This 
wire may be wrapped around a 
convenient projection, taped, 
or simply held against the case 
with the hand. 
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NOTE: TIm F sod O or C temiiiAls moy not bo labolod; 1b tblo cam. 
oojBDoct wlroa aa Ahowa. Tho F tonaiiial 1a uauaUy AmAUor la aUa 
tbaa tho C or O tormlaal. 



151 

HOW TP USE : 

1. Connect free ends of wires to Mssting cap or squib leads. 



2. Run tho drive wheel firmly and rapidly across the palm of the 
hand to activate generator. 




AUTOMOBILE GENERATOR POWER SOURCE 



An Automobile fonerntor cab be used aa a meanA of flrtag one UsAt* 
lag cap or igniter. (Improvised Igniter, Section V, No. 2, OMiy be used.) 





NOTE: If not succeseful At Hret. rewind string and try again several 
times. After repeating this operation and the bulb still does not li^t, 
folW Step 4. "How to Use." 



MATERIAL REQUIRED : 

Automobile generator (6. 12. or 28 volte). (An alternator wiU not work.) 
Copper Wire 

Stroi^ string or wire, about 9 ft. (190 cm) long and 1/16 in. (1-1/2 mm) 
In dtameter 
Knife 

Small light bulb requiring same voltage as goMrator, (for example, 
bulb from same vehicle as generator) . 



PROCEDURE: 



1. Strip about 1 in. (2-1/2 cm) of 
eoatiBg from both ends of 3 copper 
wires. Scrape sada with knife 
until metal is shiny. 




2. Coonect the A and F terminals 
with one piece of wire. 



3. Cooneot a wire to the A 
terminal. Connect another 
to the G terminal. 




3. If light bulb lights, f<^low Steps 1 and 2 of above. "How to Use," 
connecting free ends of wires to blasting cap or igniter instead of to 
light bulb. 



4. If light bulb does not light 
after several pulls, switch leads 
connected to F and G terminals. 
Repeat above "How to Use, " 
Steps 1 to 3. 



I5k 

IMPROVISED BATTERY (SHORT LASTING) 




This battery is powerful but must be used within 19 minutes after 
Csbrication. One cell of this battery will detonate one blasUiq^ cap or one 
Igniter, Two cells, connected in series, will detonate two of these 
devices and so on. Larger cells have a longer life aa well as greater 
power. 



MATERIALS COMMON SOURCE 

Water 

Sodium hydroxide (lye. solid Soap manufacturing 

or concentrated sedution) Disinfectants 

Sewer cleaner 

Copper or brass plate, about 
4 in. (10 cm) square and 1/16 in. 

(2 mm) thick 
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Aluminum pUte or sheet, 
seme sise ss copper piste 

Chsrcosi powder 

Container for mixing 

Knife 



One of the foliowing: 

Potassium permanganate, solid 



Calcium hypochlorite, solid 



Manganese dioxide (pyrolucite) 



Disinfectants 

Deodorants 

Disinfectants 

Water treating chemicals 

Chlorine bleaches 

Dead dry-cell batteries 



NOTE: Be sure sodium hydroxide solution Is at least a 45% solution by 
weight. If not, boil off some of the water. If solid sodium hydroxide is 
available, dissolve some sodium hydroxide in about twice as much water 
<by volume) . 

155 



PROCEDURE: 



1. Scrape coating off both 
ends of wires with knife 
until metal is shiny. 




2. Mix thoroughly (do not grind) approximately equal volumes ot 
powdered charcoal and one of the following: potassium permangenate, 
calcium hypochlorite, or manganese dioxide. Add water laitil a very 
thick paste is formed. 






3. ^read a layer of this 
mixture about 1/8 in. (2 mm) 
thick on the copper or brass 
plate. Be sure nnixturc is 
thick enou^ so that when 
mixture is sandwiched be- 
tween two metal plates, 
the plates will not touch 
each other at any point. 




NOTE: If more power is required, prepare several plates as above. 



HOW TO USE ; 

1. Just prior to use (no 
more than 15 minutes), 
carefully pour a small 
quantity of sodium hydrox- 
ide solution over the mix- 
ture on each plate used. 




JS6 

|CAUTlWMl^soluliwjget^Ofn^ 



2. Place an aluminum 
plate on top of the mixture 
on each copper plate. 
Press firmly. Remove 
any excess that oozes out 
between the plates . 




Copper Plate 






3. If nwre than one cell is 
used, place the cells on top 
of each other so that unlike 
metal plates are touching. 

Copper Plate 
Aluminum Plate 

Copper Plate 

4 . When ready to fire, clean plates with knife where connections afe to 

be made. Connect one wire to the outer aluminum plate. This mgy be done by 
holding the wires against the plates or by hooking them through holes punched 
through plates. If wires are hooked through plates, be sure they do not 
touch mixture between plates . 

Copper Wire 

Aluminum Plate 
Copper Plate * 

Copper Plate 





Copper 

Wire Aluminum Plate 



Copper Plate 
Uuminum Plate 




No. 13 

IMPROVISED BATTERY (2 HOUR DURATION) 

This battery should be used within 2 hours and should be securely 
wrapped. Three cells Will detonate one blasting cap or one igniter. 
Five cells, connected in series, will detonate two of these devices and 
io on. Larger cells have a longer life and will yield more power. 

If depdarizihg materials such as potassium permanganate or 
manganese dioxide cannot be obteined, ten cells without depolarizer, 
arranged as described b^ow, (Step 4) will detonate one Masttng c^. 

MATERIALS COMMON SOURCE 



Water 



Ammonium chloride (sal ammoniac) 
(solid or concentrated solution) 



Medicines 
Soldering fluxes 
Fertilizers 

Ice melting chemicals for roads 
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IMPROVISED MUNITIONS 



Cbarcotl powder 

Copper or brase plate about 4 tn. 

<10 cm) aiquere and 1/10 in. (2 mm) 
thick 

Aluminum plate name eiae ae 
copper or braaa plate 

Wax and paper (or waXed paper) Candlee 

Wire, atring or tape 
Container lor mixing 
Knife 

One of the following; 

Potasaium permanganate, aolid Diainfectanta 

Deodoranta 

Manganeae dioxide Dead dry battertea 

NOTE: If ammonium chloride aoluUon ia not concentrated (at leant 
45% by weight) boil off eoihe of the water. 

158 

PROCEDURE: 

1. Mix thoroughly (do not grind) approximately equal volumea of pow- 
dered charcoal, ammonium chloride and one of the following: potaaaium 
permanganate or manganeae dioxide. Add water until a very thick paate 
ia formed. If ammonium chloride ia in aolution form, it may not be 
aeceanary to add water. 



2. Spread a layer of thia mix- 
ture, about 1/8 in. (3 mm) thick, 
on a clean copper or braaa plate. 
The layer muat be thick enough 
to prevent a aecond plate from 
touching the copper plate when 
it ia preaaed on top. 



3. Preaa an aluminum plate very 
firmly upon the mixture on the elo- 
per plate. Remove complet^y any 
of the mixture that aqueezea out 
between the platea . The platea 
muat not touch. / 

Aluminum 
Plate 

Copper Plate 




4. If more than one cell ia deaired: 
a. Place one cell on top of 




Copper Plate 
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b. Wrap the cmnlXned cella 
in heavy waxed paper. 
The waxed paper can be 
made by rubbing candle 
wax over one aide of a 
piece of paper. Secure 
the paper around the 
battery with atring, 
wire or tape. Expoae 
the top and bottom met- 
al platea at one comer. 




Copper Wirea 
to Exploeivea 



HOW TO USE : 

1. Scrape a few inchea off each end of two wirea with knife till metal ia 
ahiny. 

2. Clean platea with knife until metal ia ahiqy where connectiona are 
to be made. 

3. Connect one wire from the ex|doaive to a cof^r or braaa plate and 
the other wire to an aluminum plate. The connection can be made by 
holding the wire againat the plate. A permanent connection can be made 
by hooking the wire through holea in the expoaed comera of the plates. 
The battery ia now reaij|y for use. 



NOTE: If battery begins to fail after a few firings, scrape the platea 
and wires where connectiona are made until metal ia ahiny. 
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Section vn 
No. 14 



ARMOR MATERIALS 

The following table shows the amount of Indigenous materials needed 
to atop ball type projectiles of the 5.56 mm, .30 caliber, and ,50 cali- 
ber ammunition fired from their respective weapons at a distance 10 
feet (3 m). 





THICKNESS OF MATERIALS 




Inches | 


Centimeters | 




5.56 


.30 


.50 


5.56 


.30 


.5<) 


INDIGENOUS 


mm 


cal 


cal 


mm 


cal 


cal 


MATERIAL 




7.62 


12.70 




7.62 


12.70 






mm 


mm 




mm 


mm 


Mild steel (structural) 


1 

t 


i 


3 

4 






2 


Mild aluminum 


1 


t 


2 


2i 


2i 


3 


(structural) 














Pine wood (soft) 


14 


22 


32 


36 


56 


82 


Broken atones (cobble 


3 


4 


II 


8 


II 


28 


gravel) 














Dry sand 


4 


S 


14 


It 


13 


36 


Wet sand or earth 


6 


13 


21 


16 


33 


54 



N(3TE: After many projectiles are fired into the armor, the armor 
will break down. More material muat be added. 
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1 

CHAPTER I 

PROPERTIES OF EXPLOSIVES 

Definition 

An explosive is a material, either a pure single substance or 
a mixture of substances, which is capable of producing an ex- 
plosion by its own energy. 

It seems unnecessary to define an explosion, for everyone 
knows what it is — a loud noise and the sudden going away of 
things from the place vrhere they have been. Sometimes it may 
only be the air in the neighborhood of the material or the gas 
from the explosion which goes away. Our simple definition makes 
mention of the one single attribute which all explosives possess. 
It will be necessary to add other ideas to it if we wish to describe 
the explosive properties of any particular substance. For exam- 
ple, it is not proper to define an explosive as a substance, or a 
mixture of substances, which is capable of undergoing a sudden 
transformation with the production of heat and gas. The pro- 
duction of heat alone by the inherent energy of the substance 



Permissible Explosives 346 

Sprengel Explosives 353 

Liquid Oxygen Explosives 355 

Chlorate and Perchlorate Explosives 357 

Ammonium Nitrate Military Explosives 367 

VIII Nitroamines and Related Substances 369 

Nitroamide 369 

Methylnitramine 371 

Urea Nitrate 372 

Nitrourea 373 

Guanidine Nitrate 374 

Nitroguanidine 380 

Nitrosoguanidine 391 

Ethylenedinitramine 393 

Dinitrodimethyloxamide 394 

Dinitrodimethylsulfamide 395 

Cyclotrimethylenetrinitramine 396 

IX Primary Explosives, Detonators, and Primers. . . 400 

Discovery of Fulminating Compounds 400 

Mercury Fulminate 405 

Silver Fulminate 412 

Detonators 413 

Testing of Detonators 421 
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Cyanuric Triazide 432 
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Lead Styphnate 440 

Diazonium Salts 441 

Diazodinitrophenol 443 

Tetracene - 446 

Hexamethylenetriperoxidediamine 451 

Friction Primers 453 

Percussion Primers 464 

Index op Subjects 476 



which produces it will be enough to constitute the substance an 
explosive. Cuprous acetylide explodes by decomposing into cop- 
per and carbon and heat, no gas whatever, but the sudden heat 
causes a sudden expansion of the air in the neighborhood, and 
the result is an unequivocal explosion. All explosive substances 
produce heat; nearly all of them produce gas. The change is in- 
variably accompanied by the liberation of energy. The products 
of the explosion represent a lower energy level than did the ex- 
plosive before it had produced the explosion. Explosives com- 
monly require some stimulus, like a blow or a spark, to provoke 
them to liberate their energy, that is, to undergo the change 
which produces the explosion, but the stimulus which “sets off*' 
the explosive does not contribute to the energy of the explosion. 
The various stimuli to which explosives respond and the manners 
of their responses in producing explosions provide a convenient 
basis for the classification of these interesting materials. 

2 

Since we understand an explosive material to be one which is 
capable of producing an explosion by its own energy, we have 
opened the way to a consideration of diverse possibilities. An 
explosive perfectly capable of producing an explosion may 
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liberate its energy without producing one. Black powder, for 
example, may bum in the open air. An explosion may occur 
without an explosive, that is, without any material which con- 
tains intrinsically the energy needful to produce the explosion. 
A steam boiler may explode because of the heat energy which 
has been put into the water which it contains. But the energy is 
not intrinsic to water, and water is not an explosive. Also, we 
have explosives which do not themselves explode. The explosions 
consist in the sudden ruptures of the containers which confine 
them, as happens in a Chinese firecracker. Fire, traveling along 
the fuse (note the spelling) reaches the black powder — mixture 
of potassium nitrate, sulfur, and charcoal — ^which is wrapped 
tightly within many layers of paper; the powder bums rapidly 
and produces gas. It bums very rapidly, for the heat resulting 
from the burning of the first portion cannot get away, but raises 
the temperature of the next portion of powder, and a rise of tem- 
perature of 10®C. more than doubles the velocity of a chemical 
reaction. The temperature mounts rapidly; gas is produced 
suddenly; an explosion ensues. The powder burns; the cracker 
explodes. And in still other cases we have materials which them- 
selves explode. The molecules undergo such a sudden trans- 
formation with the liberation of heat, or of heat and gas, that 
the effect is an explosion. 

Classification of Explosives 

I. Propellants or low explosives are combustible materials, 
containing within themselves all oxygen needful for their com- 
bustion, which bum but do not explode, and function by produc- 
ing gas which produces an explosion. Examples: black powder, 
smokeless powder. Explosives of this class differ widely among 
themselves in the rate at which they deliver their energy. There 
are slow powders and fast powders for different uses. The kick 
of a shotgun is quite different from the persistent push against 
the shoulder of a high-powered military rifle in which a slower- 
burning and more powerful powder is used. 

II. Primary explosives or initiators explode or detonate when 

3 

they are heated or subjected to shock. They do not burn; some- 
times they do not even contain the elements necessary for com- 
bustion. The materials tliemselvcs explode, and the explosion re- 
sults whether they are confined or not. They differ considerably 
in their sensitivity to heat, in the amount of heat which they 
give off, and in their brisance, that is, in the shock which they 
produce when they explode. Not all of them are brisant enough 
to initiate the explosion of a high explosive. Examples: mercury 
fulminate, lead azide, the lead salts of picric acid and trinitro- 
resorcinol, m-nitrophenyldiazonium perchlorate, tetracene, nitro- 
gen sulfide, copper acetylide, fulminating gold, nitrosoguanidine, 
mixtures of potassium chlorate with red phosphorus or with vari- 
ous other substances, the tartarates and oxalates of mercury and 
silver. 

III. High explosives detonate under the influence of the 
shock of the explosion of a suitable primary explosive. They do 
not function by burning ; in fact, not all of them are combustible, 
but most of them can be ignited by a fiame and in small amount 
generally bum tranquilly and can be extinguished easily. If 
heated to a high temperature by external heat or by their own 
combustion, they sometimes explode. They differ from primary 
explosives in not being exploded readily by heat or by shock, and 
generally in being more brisant and powerful. They exert a 
mechanical effect upon whatever is near them when they explode. 



whether they are confined or not. Examples: dynamite, trinitro- 
toluene, tetryl, picric acid, nitrocellulose, nitroglycerin, liquid 
oxygen mixed with wood pulp, fuming nitric acid mixed with 
nitrobenzene, compressed acetylene and cyanogen, ammonium 
nitrate and perchlorate, nitroguanidine. 

It is evident that we cannot describe a substance by saying 
that it is “very explosive.” We must specify whether it is sensi- 
tive to fire and to shock, whether it is really powerful or merely 
brisant, or both, whether it is fast or slow. Likewise, in the dis- 
cussions in the present book, we must distinguish carefully be- 
tween sensitivity, stability, and reactivity. A substance may be 
extremely reactive chemically but perfectly stable in the absence 
of anything with which it may react. A substance may be ex- 
ploded readily by a slight shock, but it may be stable if left to 
itself. Another may require the shock of a powerful detonator 

4 

to make it explode but may be subject to spontaneous decom- 
position. 

The three classes of explosive materials overlap somewhat, for 
the behavior of a number of them is determined by the nature 
of the stimuli to which they are subjected and by the manner 
in which they are used. Black powder has probably never been 
known, even in the hideous explosions which have sometimes 
occurred at black powder mills, to do anything but burn. 
Smokeless powder which is made from colloided nitrocellulose, 
especially if it exists in a state of fine subdivision, is a vigorous 
high explosive and may be detonated by means of a sufficiently 
powerful initiator. In the gun it is lighted by a flame ahd func- 
tions as a propellant. Nitroglycerin, trinitrotoluene, nitroguani- 
dine, and other high explosives are used in admixture with 
nitrocellulose in smokeless powders. Fulminate of mercury if 
compressed very strongly becomes “dead pressed” and loses its 
power to detonate from flame, but retains its power to bum, and 
will detonate from the shock of the explosion of less highly com- 
pressed mercury fulminate. Lead azide, however, always explodes 
from shock, from fire, and from friction. 

Some of the properties characteristic of explosives may be 
demonstrated safely by experiment. 

A sample of commercial black powder of moderately fine granulation, 
say FFF, may be poured out in a narrow train, 6 inches or a foot long, 
on a sheet of asbestos paper or a wooden board. When one end of the 
train is ignited, the whole of it appears to burn at one time, for the 
flame travels along it faster than the eye can follow. Commercial black 
powder is an extremely intimate mixture; the rate of its burning is 
evidence of the effect of intimacy of contact upon the rate of a chemical 
reaction. The same materials, mixed together as intimately as it is 
possible to mix them in the laboratory, will burn much more slowly. 

Six parts by weight of potassium nitrate, one of sulfur (roll brim- 
stone), and one of soft wood (willow) charcoal are powdered separately 
and passed through a silk bolting-cloth. They are then mixed, ground 
together in a mortar, and again passed through the cloth; and this 
process is repeated. The resulting mixture, made into a train, bums 
fairly rapidly but by no means in a single flash. The experiment is most 
convincing if a train of commercial black powder leads into a train of 
this laboratory powder, and the black powder is ignited by means of a 
piece of black match leading from the end of the train and extending 

beyond the edge of the surface on which the powder is placed. The 

5 

black match may be ignited easily by a flame, whereas black powder on 
a flat surface is often surprisingly difficult to light. 

Black match may be made conveniently by twisting three or four 
strands of fine soft cotton twine together, impregnating the resulting 
cord with a paste made by moistening meal powder^ with water, wiping 
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off the excess of the paste, and drying while the cord is stretched over 
a frame. A slower-burning black match may be made from the labora- 
tory powder described above, and is satisfactory for experiments with 
explosives. The effect of temperature on the rate of a chemical reaction 
may be demonstrated strikingly by introducing a 12-inch length of black 
match into a 10-inch glass or paper tube (which need not fit it tightly) ; 
when the match is ignited, it bums in the open air at a moderate rate, 
but, as soon as the fire reaches the point where the tube prevents the 
escape of heat, the flame darts through the tube almost instantaneously, 
and the gases generally shoot the burning match out of the tube. 

^Coming mill dust, the most finely divided and intimately incorporated 
black powder which it is possible to procure. Lacking this, black sporting 
powder may be ground up in small portions at a time in a porcelain 
mortar. 

Cuprous ocetylide, of which only a very small quantity may be pm- 
liared safely at one time, is procured by bubbling acetylene into an 
ammoniacal solution of cuprous chloride. It precipitates as a brick-red 
powder. The powder is collected on a small paper filter and washed with 
water. About 0.1 gram of the material, still moist, is transferred to a 
small iron crucible— the rest of the cuprous acetylide ought to be de- 
stroyed by dissolving in dilute nitric acid— and the crucible is placed 
on a triangle over a small flame. As soon as the material has dried out. 
it explodes, with a loud report, causing a. dent m the bottom of the 
ciucibi«» 

A 4-inch filter paper is folded as if for filtration, about a gram of 
FFF black powder is introduced, a 3-inch piece of black match is in- 
serted, and the paper is twisted in such manner as to hold the powder 
together in one place in contact with the end of the match. The black 
match is lighted and the package ia dropped, conveniently, into an 
empty pail. The powder bums with a hissing sound, but there is no 
explosion for the powder was not really confined. The same experiment 
with about 1 gram of potassium picrate gives a loud e.xpIosion. All 
metallic picrates are primary explosives, those of the alkali metals being 
the least violent. Potassium picrate may be prepared by dissolving 
potassium carbonate in a convenient amount of water, warming almost 
to boiling, adding picric acid in small portions at a time as long as it 
dissolves with effervescence, cooling the solution, and collecting the 
crystals and drving them by exposure to the air. For aafety'a sake, 

6 

quantities of more than a few grams ought to be kept under water, in 
which the substance is only slightly soluble at ordinary temperatures. 

About a gram of trinitrotoluene or of picric acid is heated in a por- 
celain crucible. The substance first melts and gives off combustible 
vapors which burn when a flame is applied but go out when the flame 
is removed. A small quantity of trinitrotoluene, say 0.1 gram, may 
actually be sublimed if heated cautiously in a test tube. If heated 
quickly and strongly, it decomposes or explodes mildly with a “zishing’' 
sound and with the liberation of soot. 

One gram of powdered picric acid and as much by volume of litharge 
(PbO) are mixed carefully on a piece of paper by turning the powders 
over upon themselves (not by stirring). The mixture is then poured in 
a small heap in the center of a clean iron sand-bath dish. This is set 
upon a tripod, a lighted burner is placed beneath it, and the operator 
retires to a distance. As soon as the picric acid melts and lead picrate 
forms, the material explodes with an astonishing report. The dish is 
badly dented or possibly punctured. 

A Complete Round of Ammunition 

The manner in which explosives of all three classes are brought 
into use will be made clearer by a consideration of the things 
which happen when a round of H.E. (high-explosive) ammuni- 
tion is fired. The brass cartridge case, the steel shell with its 
copper driving band and the fuze screwed into its nose are repre- 
sented diagrammatically in the accompanying sketch. Note the 
spelling of fuze: a fuze is a device for initiating the explosion of 




Figure 1. Diagram of an Assembled Round of High-Explosive Ammu- 
nition. The picture is diagrammatic, for the purpose of illustrating the 
functions of the various parts, and does not correspond exactly to any 
particular piece of ammunition. 

high-explosive shells or of bombs, shrapnel, mines, grenades, etc.; 
a fuse is a device for communicating fire. In cases where the shell 
is expected to penetrate armor plate or other obstruction, and 
not to explode until after it has penetrated its target, the nose 

7 

of the shell is pointed and of solid steel, and the fuze is screwed 
into the base of the shell — a base-detonating fuze. The fuze 
which we wish here to discuss is a point combination fuze, point 
because it is at the nose of the shell, and combination because it 
is designed to explode the shell either after a definite interval of 
flight or immediately on impact with the target. 

The impact of the firing pin or trigger upon the primer cap in 
the base of the cartridge case produces fire, a quick small spurt 
of flame which sets fire to the black powder which is also within 
the primer. This sets fire to the powder or, in the case of bagged 
charges, to the igniter — and this produces a large hot flame which 
sweeps but into the chamber of the gun or cartridge, sweeps 
around the large grains of smokeless powder, and sets fire to them 
all over their surface. In a typical case the primer cap contains 
a mixture of mercury fulminate with antimony sulfide and potas- 
sium chlorate. The fulminate explodes when the mixture is 
crushed; it produces fire, and the other ingredients of the com- 
position maintain the fire for a short interval. The igniter bag in 
our diagram is a silk bag containing black powder which takes 
fire readily and burns rapidly. The igniter and the bag contain- 
ing the smokeless powder are made from silk because silk either 
bums or goes out — and leaves no smoldering residue in the bar- 
rel of the gun after the shot has been fired. For different guns 
and among different nations the igniters are designed in a variety 
of ways, many of which are described in the books which deal 
with guns, gunnery, and ammunition. Sometimes the igniter 
powder is contained in an integral part of the cartridge case. For 
small arms no igniter is needed ; the primer ignites the propellant. 
For large guns no cartridge case is used; the projectile and the 
propelling charge are loaded from the breech, the igniter bag 
being sewed or tied to the base end of the bag which contains 
the powder, and the primer being fitted in a hole in the breech- 
block by which the gun is closed. 

The smokeless powder in our diagram is a dense, progressive- 
burning, colloided straight nitrocellulose powder, in cylindrical 
grains with one or with seven longitudinal perforations. The 
flame from the igniter lights the grains, both on the outer surfaces 
which commence to burn inward and in the perforations which 
commence to enlarge, burning outward. The burning at first is 
slow. As the pressure increases, the projectile starts to move. 

8 

The rifling in the barrel of the gun bites into the soft copper 
driving band, imparting a rotation to the projectile, and the rate 
of rotation increases as the projectile approaches the muzzle. 
As heat accumulates in the chamber of the gun, the powder burns 
faster and faster; gas and heat and pressure are produced for 
some time at an accelerated rate, and the projectile acquires 
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acceleration continuously. It has its greatest velocity at the 
moment when it leaves the muscle. The greatest pressure ^ how- 
ever, occurs at a point far back from the muzzle where the gun is 
of correspondingly stronger construction than at its open end- The 
duration of the burning of the powder depends upon its iweb thick- 
ness , that is, upon the thickness between the single central 
perforation and the sides of the cylindrical grain, or, in the 
multiperforated powders, upon the thickness between the per- 
forations. The powder, if properly designed, is burned com- 
pletely at the moment when the projectile emerges from the 
muEzle. 

The combination fuze contains two primer caps, and devices, 
more or less free to move within the fuze, by which these may 
be fired. When the shell starts to move, everything within it 
undergoes setback, and tends to lag because of its inertia. The 
fuze contains a piece of metal with a point or firing' pin on its 
rearmost end, held in place by an almost complete ring set into 
its aides and in the sides of the cylindrical apace through which 
it might otherwise move freely. This, with its primer cap, con- 
stitutea the concmsion element. The setback causes it to pull 
through the ring; the pin strikes the cap; fire la produced and 
communicates with a train of slow-buming black powder of spe- 
cial composition (fuze powder) the length of which has been pre- 
viously adjusted by turning the time-train rings in the head of 
the fuze. The powder train, in a typical case, may bum for any 
particular interval up to 21 seconds, at the end of which time 
the fire reaches a chamber or magazine which is filled with ordi- 
nary black powder. This bums rapidly and produces a large 
flame which strikes through to the detonator, containing mercury 
fulminate or lead azide, which explodes and causes the shell to 
detonate while it is in flight. The head of the fuze may also be 
adjusted in such manner that the fire produced by the concussion 

element will finally bum to a dead end, and the shell in that case 

9 

will explode only in consequence of the action of the percussum 
element when it hits the target. 

When the shell strikes any object and loses velocity, every- 
thing within it still tends to move forward. Tlie percussion ele- 
ment consists of a metal cylinder, free to move backward and 
forward through a short distance, and of a primer cap, opposite 
the forward end of the cylinder and set into the metal in such 
fashion that the end of the cylinder cannot quite touch it. If this 
end of the cylinder should carry a firing pin, then it would fire 
the cap, and this might happen if the shell were dropped acci- 
dentally — with unfortunate results. When the shell starts to move 
in the gun, the cylinder lap back in the short space which is 
allotted to it. The shell rotates during flight. Centrifugal force, 
acting upon a mechanism within the cylinder, causes a firing pin 
to rise up out of its forward end. The fuze becomes armed. When 
the shell meets an obstacle, the cylinder rushes forward, the pin 
strikes the cap, fire is produced and communicates directly to 




Picuic 2. Cross Section of a 155-mm. High-Explosive Shell Loaded 
with TNT. 



the black powder magazine and to the detonator — and the shell 
is exploded forthwith. 

The high explosive in the shell must be so insensitive that It 
will tolerate the shock of setback without exploding. Trinitro- 
toluene (TNT) is generally considered to be satisfactory for all 
military purposes, except for armor- piercing shells. The explosive 
must be tightly packed within the ahell. There must be no cavi- 
ties, lest the setback cause the explosive to move violently across 
the gap and to explode prematurely while the shell is still within 
the barrel of the gun, or as is more likely, to pull away from the 
detonator and fail to be exploded by it. 

Trinitrotoluene, which melts below the boiling point of water, 

10 

IS generally loaded by pouring the liquid explosive into the shell. 
Since the liquid contracts when it freezes, and in order to pre- 
vent cavities, the shell standing upon its base is supplied at its 
open end with a paper funnel, like the neck of a bottle, and the 
liquid TNT is poured until the shell and the paper funnel are 
both full. After the whole has cooled, the funnel and any TNT 
which is in it are removed, and the space for the booster is bored 
out with a drill. Cast TNT is not exploded by the explosion of 
fulminate, which, however, does cause the explosion of granular 
and compressed TNT. The explosion of granular TNT will ini- 
tiate the explosion of east TNT, and the granular material may 
be used as a booster for that purpose. In practice, tetryl is gen- 
erally preferred as a booster for military use. It is more easily 
detonated than TNT, more brisant, and a better initiator. 
Boosters are used even with high explosives which are detonated 
by fulminate, for they make it possible to get along with smaller 
quantities of this dangerous material. 

Propagation of Explosion 

When black powder bums, the first portion to receive the fire 
undergoes a chemical reaction which results in the production of 
hot gas. The gas, tending to expand in all directions from the 
place where it is produced, warms the next portion of black pow- 
der to the kindling temperature. This then takes fire and bums 
with the production of more hot gas which raises the tempera- 
ture of the next adjacent material. If the black powder is con- 
fined, the pressure rises, and the heat, since it cannot escape, 
is communicated more rapidly through the mass. Further, the 
gas- and heat-producing chemical reaction, like any other chem- 
ical reaction, doubles its rate for every 10® (approximate) rise 
of temperature. In a confined space the combustion becomes ex- 
tremely rapid, but it is still believed to be combustion in the sense 
that it is a phenomenon dependent upon the transmission of heat. 

The explosion of a primary explosive or of a high explosive, 
on the other hand, is believed to be a phenomenon which is de- 
pendent upon the transmission of pressure or, perhaps more prop- 
erly, upon the transmission of shock.® Fire, friction, or shock, 

*The effects of static pressure and of the mte of produetioo of the 
pvesaure have not yet been studied much, nor la there la formation coo- 
cemiog the preaaures which occur within the nmse of the eiplodve while 
it is exploding. 

II 

acting upon, say, fulminate, in the first instance cause it to 
undergo a rapid chemical transformation which produces hot 
gas, and the transformation is so rapid that the advancing front 
of the mass of hot gas amounts to a wave of pressure capable of 
initiating by its shock the explosion of the next portion of ful- 
minate. This explodes to furnish additional shock which explodes 
the next adjacent portion of fulminate, and so on, the explosion 
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advaDcing through the mass with mcredible quickness. In a 
standard No. 6 blasting cap the explosion proceeds with a veloc- 
ity of about 3500 meters per second. 

If a sufficient quantity of fulminate is exploded in contact with 
trinitrotoluene, the shock induces the trinitrotoluene to explode, 
producing a shock adequate to initiate the explosion of a further 
portion. The expiosive wave traverses the trinitrotoluene with a 
velocity which is actually greater than the velocity of the initiat- 
ing wave in the fulminate. Because this sort of thing happens, 
the application of the principle of the booster is possible. If the 
quantity of fulminate is not sufficient, the trinitrotoluene either 
does not detonate at all or detonates incompletely and only part 
way into its mass. For every high explosive there is a minimum 
quantity of each primary explosive which is needed to secure its 
certain and complete denotation. The best initiator for one high 
explosive is not necessarily the best initiator for another. A high 
explosive is generally not its own best initiator unless it happens 
to be used under conditions in which it is exploding with its maxi- 
mum velocity of detonatum. 

Detonating Fuse 

Detonating fuse consists of a narrow tube filled with high ex- 
plosive. When an explosion is initiated at one end by means of 
a detonator, the explosive wave travels along the fuse with a 
high velocity and causes the detonation of other high explosives 
which lie in its path. Detonating fuse is used for procuring the 
almost simultaneous explosion of a number of charges. 

Detonating fuse is called cordeau deiOTtant in the French lan- 
guage, and cordeau has become the common American designa- 
tion for it. Cordeau has been made from lead tubes filled with 
trinitrotoluene, from aluminum or block tin tubes filled with pic- 
ric acid, and from tubes of woven fabric filled with nitrocellulose 
or with pentaerythrite tetranitrate (PETN). In this country the 
Ensign-Bickford Company, at Simsbury, Connecticut, manufac- 

12 

tures Cordeau-Bicfc/ord, a lead tube filled with TNT, and Primn- 
cord-Bickford^ a tube of waterproof textile filled with finely 
powdered FETN. The cordeau is made by filling a large lead 
pipe (about 1 inch in diameter) with molten TNT, allowing to 
cool, and drawing down in the manner that wire is drawn. The 
finished tube is tightly packed with finely divided crystalline 
TNT. Cordeau-Bickford detonates with a velocity of about 5200 
meters per second (17,056 feet or 3.23 miles), Frimacord-Biekford 
with a velocity of about 6200 meters per second (20,350 feet or 
3.85 miles) . These are not the maximum velocities of detonation 
of the explosives in question. The velocities would be greater if 
the tubes were wider. 

^ These are not to be confuEied with Bickimd fme or Jta/ety /use manu- 
factured by the same company, which coosista of a oentral thread aur’ 
rounded by a core of black powder enclosed within' a tube of w'ovea 
threads, surrouaded by various -layers of textile, waterproof material, 
sheathing, etc. This lb mtner's fuse, and U everywhere known as Bkkford 
fuse after the EDgUshmao who invented the machine by which such fuse 
was first woven. The most common variety bums with a velocity of about 
1 foot per minute. When the fire reaches its end, a spurt of flame about 
an inch long shoots out for igniting black powder or for firiug a blasitiag 
cap. 

Detonating fuse is fired by means of a blasting cap held snugly 
and firmly against its end by a union of thin copper tubing 
crimped into place. Similarlyj two ends are spliced by holding 
them in contact within a couplirig. The ends ought to touch each 
Cither, or at least to be separated by not more than a very small 
space, for the explosive wave of the detonating fuse cannot be 



depended upon to throw its initiating pcfwer acrosa a gap of much 
more than Vi inch. 

When several charges are to be fired, a single main line of 
detonating fuse is laid and branch lines to the several charges 
are connected to it. The method by which a branch is. connected 
to a main line of cordeau is shown in Figures 3, 4, 5, 6, and 7. 
The main line is not cut or bent. The. end, of the branch is slit in 
two (with a special instrument designed for this purpose) and 
is opened to form a V in the point of which the main line is laid — 
and there it is held in place by the two halves of the slit branch 
cordeau, still filled with TNT, wound around it in opposite direc- 
tions. The connection is made in thi? manner in order that the 
explosive wave, traveling along the main line, may strike the 

13 

branch line squarely against the length of the column of TNT, 
and so provoke its detonation. If the explosive wave were travel- 
ing from the branch against the main line (as laid), it would 




FmuRES 3, 4, 5, 6, and 7, Method of Cunfieeting a Branch to a Main 
Line of Cordeau. f Courtesy Ensigu-Blckford Company.) Figure 3. Slit- 
ting the Bmach Line. Figure A. The Slit End Open. FlGURi:^ 5. The Main 
Line in Place. Figure 6 . Winding the Splice. Figure 7. The FiulBhed 
Jtmetion. 



strike across the column of TNT and would shatter it, but would 
be less likely to make it explode. For connecting a branch line of 
Frimacord, it is satisfactory to make a half hitch of the end 
around the main line. 

A circle of detonating fuse around a tree will rapidly strip off 
a belt of heavy bark, a device which is sometimes useful in the 

14 

control of insect pests. If the detonating fuse is looped succes- 
sively around a few blocks of TNT or cartridges of dynamite, 
and if these are strung around a large tree, the tree may be felled 
very quickly in an emergency. In military operations it may be 
desirable to *^deny a terrain to the enemy^^ without occupying it 
oneself, and the result may be accomplished by scattering mustard 
gas over the area. For this purpose, perhaps during the night, a 
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long piece of Primacord may be laid through the area, looped 
here and there in circles upon which tin cans of mustard gas 
(actually a liquid) are placed. The whole may be fired, w’hen 
desired, by a single detonator, and the gas adequately dispersed. 

Velocity of Detonation 

If the quantity of the primary explosive used to initiate the 
explosion of a high explosive is increased beyond the minimum 
necessary for that result, the velocity with which the resulting 
explosion propagates itself through the high explosive is corre- 
spondingly increased, until a certain optimum is reached, depend- 
ing upon the physical state of the explosive, whether cast or 
powdered, whether compressed much or little, upon the width of 
the column and the strength of the material which confines it, 
and of course upon the particular explosive w'hich is used. By 
proper adjustment of these conditions, by pressing the powdered 
explosive to the optimum density (which must be determined by 
experiment) in steel tubes of sufficiently large diameter, and by 
initiating the explosion with a large enough charge of dynamite 
or other booster (itself exploded by a blasting cap), it is possible 
to secure the maximum velocity of detonation. This ultimate 
maximum is of less interest to workers with explosives than the 
maximum found while experimenting with paper cartridges, and 
it is the latter maximum which is generally reported. The physical 
state and density of the explosive, and the temperature at which 
the determinations were made, must also be noted if the figures 
for the velocity of detonation are to be reproducible. 

Velocities of detonation were first measured by Berthelot and 
Vieille, who worked first with gaseous explosives and later with 
liquids and solids. They used a Boulenge chronograph the pre- 
cision of which was such that they were obliged to employ long 



Nadar, Paris). Founder of thermoebemistry aod the Bcience of explosives. 
He synthesized acetylene and benzene from their elements, and alcohol 
from ethylene, studied the polyatomic alcohols and acids, the fixation of 
nitrogen, the chemistiy of agriculture, and the history of Greet, Syriac, 
Arabic, and medieval chemistry. He was a Senator of France, Minister 
of Public Instruction, Minister of Foreign Affairs, and Secretary of the 
Academy of Sciences, and is buried in the Pantheon at Paris. 
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columns of the explosives. The MettCgang I'ccordcr now com^ 
monly used for these mensurementa 13 an instrument of greater 
precision and makes it possible to work with much shorter 
cartridges of the explosive materiaU. This apparatus consist?? 
essentially of a strong, well-turned and balanced, heavy cylinder 
of steel which is rotated by an electric motor at a high but exactly 
known velocity. Tlie velocity of its smoked surface relative to a 
platinum point which almost touches it may be as much ns 100 
meters per second. The explosive to be tested is loaded in a 
cylindrical cartridge. At a known distance apart two thin copper 
wires are passed through the explosive at right angles to the axis 
of the cartridge. If the explosive hns been cast, the wires are 
bound tightly to its surface. Each of the wires is part of a closed 
circuit through an inductance, so arranged that, when the circuit 
is broken, a spark passes between the platinum point and the 
steel drum of the chronograph. The spark makes a mark upon the 
smoked surface. When the explosive is now fired by means of a 
detonator at the endofthe cartridge, first one and then the other 
of the two wires is broken by the explosion, and two marks are 
made on the rotating drum. The distance between these marks is 
measured with a micrometer microscope. The duration of time 
which corresponds to the movement of the surface of the rotating 
drum through this distance is calculated, and this is the time 
Whjch was required for the detonation of the column of known 
length of explosive which lay between the two wires. From this, 
the velocity of detonation in meters per second is computed 
easily. 

Since a chronograph is expensive and time-consuming to use, 
the much simpler method of Dautriche, which depends upon a 
comparison of the unknown with a standard previously measured 
by the chronograph, finds wide application. Commercial cordeau 
is remarkably uniform. An accurately measured length, say 2 
meters, of cordeau of known velocity of detonation is taken, its 
midpoint is marked, and its ends are inserted into the cartridge 
of the explosive which ia being tested, at a known distance apart, 
like the copper wires in the absolute method (Figure 9). The 
middle portion of the loop of cordeau is made straight and is laid 
upon a sheet of lead (6-S mm. thick), the marked midpoint being 

17 
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Figure S. Pierre-EugcDe Marcellio Berthelot OS27-1907) (Photo by P. 



Fiouee e. Dautriche Method of MeamriDg Yelodty of Detooatioa. From 
the point A the explosion proceeds in two directions; (1) along the 
cordeau (of known veloeity of detonation), and (2) through the cartridge 
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of etplosive which la being tested and then along the cordeau. When the 
two wavea in the cordeau meet, they Doake a mark in the Jead plate upon 
which the cordeau U restmg. 

placed upon a line scratched in the lead plate at right angles to 
the direction of the cordeau. When the detonator in the end of 
the cartridge of explosive is fired, the explosive wave first en- 
counters one end of the cordeau and initiates its explosion from 
this endj then proceeds through the cartridge, encounters the 
other end of the cordeau, and initiates its explosion from that 
end. The explosive waves from the two ends cf the cordeau meet 
one another and mark the point of their meeting by an extra- 
deep, sharp furrow in the lead plate, perhaps by a hole punched 
through it. The distance of this point is measured from the line 
where the midpoint of the cordeau was placed. Call this distance 
d. It is evident that, from the moment when the near end of the 
cordeau started to detonate, one explosive wave traveJed in 
the cordeau for a distance equal to one-half the length of the 
cordeau plus the distance d, while the other explosive wave, dur- 
ing the same interval of time, traveled in the explosive under 
examination a distance equal to the distance between the inserted 
ends of cordeau, then in the cordeau a distance equal to one-half 
its length minus the distance d* The times required for the passage 
of the explosive waves in the cordeau are calculated from the 
known velocity of detonation of the cordeau used, thence the 
time required for the detonation of the column of explosive which 

la 

stood between the ends of the cordeau; thence the velocity of 
detonation in meters per second. 

Velocities of detonation have recently been measured by high- 
speed photography of the explosions tlirough a slit, and by other 
devices in which the elapsed times are measured by means of a 
cathode-ray oscillograph. 

The Munroe Effect 

The mark which explosive waves, traveling toward each other 
on the some piece of cordeau, make at the point where they meet 
is evidently due to the fact that they spread out sideways at the 
point of their encounter. Their combined forces produce an effect 
greater than either alone could give. The behavior of jets of 
water, shot against each other under high pressure, supplies a 
very good qualitative picture of the impact of explosive waves. 
If the waves meet at an angle, the resultant wave, stronger than 
either, goes off in a direction which could be predicted from a 
consideration of the parallelogram of forces. This is the explana- 
tion of the Munroe effect. 

Charles Edward Munroe, while working at the Naval Torpedo 
Station at Newport, discovered in 1S8S that if a block of gun- 
cotton with letters countersunk into its surface is detonated with 
its lettered surface against a steel plate, the letters are Indented 
into the surface of the steel. Similarly, if the letters are raised 
above the surface of the guncotton, by the detonation they are 
reproduced in relief on the steel plate, embossed and raised above 
the neighboring surface. In short, the greatest effects are pro- 
duced on the steel plate at the points where the explosive material 
stands away from it, at the points precisely where explosive 
waves from different directions meet and reinforce each other. 
Munroe found that by increasing the depth of the concavity in 
the explosive he was able to produce greater and greater effects 
on the plate, until finally, with a charge which was pierced com- 
pletely through, he was able to puncture a hole through it. By 
introducing lace, ferns, coins, etc., between the 6at surface of a 




FiGuiiE 30. Charl^ Edward Munroe (1S49-193S). Leader in the develop- 
ment of explosivea in the United Statea. Invented indurite, a variety of 
smokeless powder, and discovered the Munroe effect. Profeaaor of chemis- 
try at the U. S. Naval Academy, Annapolia, Maryland^ lS74*lSSfl; chemist 
at the Na^'al Torpedo Station and Naval War College, Newport, Rhode 
I aland. 1886-1892^ professor of chemistry at George Washington Univer- 
eity, 1892-1917] and chief explosive? chemist of the U. S. Bureau of Mines 
in Washington^ 1919-1933. Author and co-author of many very valuable 
publicationa of the Bureau of Mines- 

20 

block of explosive and pieces of armor plate, Munroe was able to 
secure embossed reproductions of these delicate materials. Sev- 
eral fine examples of the Munroe effect, prepared by Munroe 
himself, are preserved in a fire screen at the Cosmos Club in 
Washington. 

The effect of hollowed charges appears to have been redis- 
covered, probably independently, by Egon Neumann, who claimed 
it as an original discovery, and its application in explosive tech- 
nique was patented by the Westfalisch-Anhaltiscbe Sprengstoff- 




Fio. 11 Fig, 12 



FiauHsa 11 and 12; Munroe Effect. (Courtet^ Troian Powder Company). 
Fioubb It. Exploaive Enclosed ia Pasteboard Wrapper* Note that the 
letten incised into the surface of the explosive are in mirror writing, like 
words set in type, in order that the printing may be normal A steel plate 
after a charge like that pictured was exploded against it, the incised sur- 
face being next to the plate. Figure 12. A section of steel aha/ting after 
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a charge like that represented in Figure 11 had been exploded upon it, 
the incised surface of the explosive being next to the steel. 

A. G. in 1910. Neumann, working with blocks of TNT having 
conical indentations but not complete perforations, found that 
such blocks blew holes through wrought-iron plates, whereas 
solid blocks of greater actual weight only bent or dented them. 

It has been recommended that torpedoes be loaded with charges 
hollowed in their forward ends. Advantage is taken of the Munro^ 
effect in the routine blasting of oil wells, and, intentionally or 
not, by every explosives engineer who initiates an explosion by 
means of two or more electric blasting caps, ffred simultaneously, 
at different positions within the same charge. 

21 

Sensitivity Tests 

Among the important tests which are made on explosives are 
the determinations of their sensitivity to impact and to tempera- 
ture, that is, of the distance through which a falling weight 
must drop upon them to cause them to explode or to inflame, and 
of the temperatures at which they indame, explode, or “puff^* 
spontaneously. At different places different machines and appa- 
ratus are used, and the numerical results differ in consequence 
from laboratory to laboratory. 

For the falling weight or impact or drop test a 2-kilogram 
weight is generally used. In a typical apparatus the explosive 
undergoing the test is contained in a hole in a steel block, a steel 
plunger or piston is pressed down firmly upon it, and it is directly 
upon this plunger that the weight is dropped. A fresh sample is 
taken each time, and material which has not exploded from a 
single impact is discarded. A drop of 2 to 4 cm. will explode 
mercury fulminate, one of about 70 to 80 cm. will cause the 
inflammation of black powder, and one of 60 to 180 cm. will cause 
the explosion of TNT according to the physical state of the 
sample. 

For determining the temperature of ignition, a weighed amount 
of the material is introduced into a copper capsule (a blasting 
cap shell) and this is thrust into a bath of Wood^s metal previ- 
ously heated to a known temperature. If no explosion occurs 
within 5 seconds (or other definite interval), the sample is re- 
moved, the temperature of the bath is raised 5® (usually) , and a 
fresh sample in a fresh copper capsule is tried. Under these con- 
ditions (that is, within a 5-second interval), 4F black powder 
takes fire at 190® ^5®, and 30-caliber straight nitrocellulose 
smokeless powder at 315®=^ 5®. In another method of carrying 
out the test, the capsule containing the explosive is introduced 
into the metal bath at 100®, the temperature is raised at a steady 
and regulated rate, and the temperature at which the explosive 
decomposition occurs is noted. When the temperature is raised 
more rapidly, the inflammation occurs at a higher temperature, 
as indicated by the following table. The fact that explosives are 
more sensitive to shock and to friction when they are warm is 
doubtless due to the same ultimate causes. 
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Temperature op Ignition 
Heated from lOO** 

at 20° per minute at 5° per minute 

Trinitrotoluene 321° 304° 

Picric acid 316® 309® 

Tetryl 196° 187° 

Hexanitrodiphenylamine 258° 250° 

Hexanitrodiphenyl sulfide 319° 302° 

Hexanitrodiphenyl sulfone 308° 297° 

Substances like trinitrotoluene, picric acid, and tetryl, which 
are intrinsically stable at ordinary temperatures, decompose 



slowly if they are heated for considerable periods of time at tem- 
peratures below those at which they inflame. This, of course, is 
a matter of interest, but it is a property of all samples of the 
substance, does not vary greatly Wween them, and is not made 
the object of routine testing. Nitrocellulose and many nitric 
esters, however, appear to be intrinsically unstable, subject to a 
spontaneous decomposition which is generally slow but may be 
accelerated greatly by the presence of impurities in the sample. 
For this reason, nitrocellulose and smokeless powder are regu- 
larly subjected to stability tests for the purpose, not of establish- 
ing facts concerning the explosive in question, but rather for 
determining the quality of the particular sample.^® 

“The routine tests which are carried out on military explosives are 
described in U. S. War Department Technical Manual TM9-2900, “Mili- 
tary Explosives.” The testing of explosives for sensitivity, explosive power, 
etc:; is described in the Bulletins and Technical Papers of the U. 8. Bureau 
of Mines. The student of explosives is advised to secure from the Super- 
intendent of Documents, Washington, D. C., a list of the publications of 
the Bureau of Mines, and then to supply himself with as many as may 
be of interest, for they are sold at very moderate prices. The following 
are especially recommended. Several of these are now no longer procur- 
able from the Superintendent of Documents, but they may be found in 
many libraries. 23 

Tests of Explosive Power and Brisance 

For estimating the total energy of an explosive, a test in the 
manometric bomb probably supplies the most satisfactory single 
indication. It should be remembered that total energy and actual 
effectiveness are different matters. The effectiveness of an ex- 
plosive depends in large part upon the rate at which its energy is 
liberated. 

The high pressures developed by explosions were first meas- 
ured by means of the Rodman gauge, in which the pressure 
caused a hardened-steel knife edge to penetrate into a disc of 
soft copper. The depth of penetration was taken as a measure of 
the pressure to which the apparatus had been subjected. This 
gauge was improved by Nobel, who used a copper cylinder placed 
between a fixed and a movable steel piston. Such crusher gauges 
are at present used widely, both for measuring the maximum 
pressures produced by explosions within the confined space of the 
manometric bomb and for determining the pressures which exist 
in the barrels of guns during the proof firing of powder. The 
small copper cylinders are purchased in large and uniform lots, 
their deformations under static pressures are determined and 
plotted in a chart, and the assumption is made that the sudden 
pressures resulting from explosions produce the same deforma- 
tions as static pressures of the same magnitudes. Piezoelectric 
gauges, in which the pressure on a tourmaline crystal or on discs 
of quartz produces an electromotive fqrce, have been used in 
work with manometric bombs and for measuring the pressures 
which exist in the chambers of^|uns. Other gauges, which depend 

upon the change of electrical resistance of a conducting wire, are 
beginning to find application. 

The manometric bomb is strongly constructed of steel and has 
a capacity which ^s known accurately. In order that the pressure 
resulting from the explosion may have real significance, the 
density of loading, that is, the number of grams of explosive per 
cubic centimeter of volume, must also be reported. The pressures 
produced by the same explosive in the same bomb are in general 
not directly proportional to the density of loading. The tempera- 
tures in the different cases are certainly different, and the com- 
positions of the hot gaseous mixtures depend upon the pressures 
which exist upon them and determine the conditions of the 
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equilibria between their components. The water in the gases can 
be determined, their volume and pressure can be measured at 
ordinary temperature, and the temperature of the explosion can 
be calculated roughly if the assumptions are made that the gas 
laws hold and that the composition of the cold gases is the same 
as that of the hot. If the gases are analyzed, and our best 
knowledge relative to the equilibria which exist between the com- 
ponents is assumed to be valid for the whole temperature range, 
then the temperature produced by the explosion can be calculated 
with better approximation. 

Other means of estimating and comparing the capacity of 
explosives for doing useful work are supplied by the testa with the 
hoihstfc pendidum and by tlie Trauzl and small lead block 
teats. The first of these is useful for comparing a new commercial 
explosive with one W'hich is standard; the others give indications 
w'hich are of interest in describing both commercial explosives 
and pure explosive substances. 

In the Trauzi lead block test {often called simply the lead' 
block test) 10 grams of the explosive, wrapped in tinfoil and 
stemmed with sand, is exploded by means of an electric detonator 
in a cylindrical hole in the middle of a cylindrical block of lead, 
and the enlargement of the cavity, measured by pouring in water 
from a graduate and corrected for the enlargement which is 
ascribable to the detonator alone, is reported. For the standard 
test, the blocks arc cast from chemically pure lead, 200 mm. in 
height and 200 mm, in diameter, with a central hole made by 
the mold, 125 mm. deep and 25 mm, in diameter. The test is 

25 

applicable only to explosives which detonate. Black powder and 
other explosives which burn produce but little effect, for the gases 
blow out the stemming and escape. The test is largely one of 
brisance, but for explosives of substantially equal brisance it 
gives some indication of their relative power. An explosive of 
great brisance but little power will create an almost spherical 
pocket at the bottom of the hole in the block, w^liile one of less 
brisance and greater power will enlarge the hole throughout its 



Another test, known as the fitnall lead block test, is entirely a 
test of brisance. As the test is conducted at the U, S. Bureau of 
Mines, a lead cylinder 38 ram, in diameter and 64 ram. high is 
set upright upon a rigid steel support; a disc of annealed steel 
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38 mm. in diameter and 6.4 mm. thick is placed upon it; a strip 
of manila paper wide enough to extend beyond the top of the 
composite cylinder and to form a container at its upper end is 
wrapped and secured around it; lOO grams of explosive is placed 




Fiomts 14. Small Trauzl Teats of DetooatOTB. (Courtesy Western Cartridge 
CompaDy.) 



in this container and fired, without tamping, by means of an 
electric detonator. The result is reported as the compression of 
the lead block, that is, as the difference between its height before 
and its height after the explosion. The steel disc receives the 
force of the explosion and transmits it to the lead cylinder. Wilh- 




Fioube 15. Almnimun Plate and Lead Plate Te^ta of Detonators. (Courteoy 
ALIub Powder Company.) 




Figuhb 13. Lead Block Teats (above), and Traual Tests (below). (<3our- 
U. 8. Bureau of Mines.) 



length and widen its throat at the top of the block. The form of 
the hole, then, as shown by sectioning the block, is not without 
significance. The Trauzl test does not give reliable indicationa 
with explosives which contain aluminum (such as ammonal) or 
with others which produce very high temperatures, for the hot 
gases erode the metal, and the results are high, 

A small Trauzl block is used for testing commercial detonators. 



out it, the lead cylinder would be so much deformed that its 
height could not be measured. 

In the lead plate test of detonators j the detonator is fired while 
atanding upright on a plate of pure lead. Plates 2 to 6 mm. thick 
are used, most commonly 3 mm. A good detonator makes a clean- 
cut hole through the lead. The metal of the detonator case is 
blown into small fragments which make fine and characteristic 
markings on the lead plate radiating away from the place 'where 
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Fiouvs 10. Effect of Detonator on Lead Plate 10 cm. Distant from Its End, 
The diameter of the hole is about Umea the diameter of the detonator 
which was fired. The lead hoe spLoehed up around the hole in much the 
name fashion oa placid water oplaahea when a pebble is dropped into it. 
Note the numeroua smaJl spLoahes on the lead plate where it woe etruek 
by fragments of the detonator casing. 
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the detonator stood. With a good detonator, the surface of the 
lead plate ought to show no places where it has been tom roughly 
by large fragments of the case. Similar tests are often carried out 
with plates of aluminum. 

28 

CHAPTER II 
BLACK POWDER 

The discovery that a mixture of potassium nitrate, charcoal, 
and sulfur is capable of doing useful mechanical work is one of 
the most important chemical discoveries or inventions of all 
time. It is to be classed with the discovery or invention of pottery, 
which occurred before the remote beginning of history, and with 
that of the fixation of nitrogen by reason of whieh "the eeology 
of the human race will be different in the future from what it has 
been throughout the time that is past. Three great discoveries 
signalized the break-up of the Middle Ages: the discovery of 
America, which made available new foods and drugs, new natural 
resources, and new land in which people might multiply, prosper, 
and develop new cultures; the discovery of printing, which made 
possible the rapid and cheap diffusion of knowledge; and the 
discovery of the controllable force of gunpowder, which made 
huge engineering achievements possible, gave access to coal and 
to minerals within the earth, and brought on directly the age of 
iron and steel and with it the era of machines and of rapid trans- 
portation and communication. It is difficult to judge which of 
these three inventions has made the greatest difference to man- 
kind. 

Black powder and similar mixtures were used in incendiary 
compositions, and in pyrotechnic devices for amusement and for 
war, long before there was any thought of applying their energy 
usefully for the production of mechanical work. The invention 
of guns — and it seems to be this invention which is meant when 
“the discovery of gunpowder” is mentioned— did not follow imme- 
diately upon the discovery of the composition of black powder. 
It is possible that other applications antedated it, that black 
powder was used in petards for blowing down gateways, draw- 
bridges, etc., or in simple operations of blasting, before it was 
used for its ballistic effect. 
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Berthold Schwarz 

The tradition that the composition of black powder was dis- 
covered and that guns were invented about 1250 (or 1350 or even 
later) by Berthold Schwarz, a monk of Freiburg i. Br., in Ger- 
many, is perpetuated by a monument at that place. Constantin 
Anklitzen assumed the name of Berthold when he joined the 
Franciscan order, and was known by his confreres as der 
schwarzer Berthold because of his interest in black magic. The 
records of the Franciscan chapter in Freiburg were destroyed or 
scattered before the Reformation, and there are no contempo- 
raneous accounts of the alleged discovery. Concerning the absence 
of documents, Oesper says: 

If he is a purely legendary inventor the answer is obvious. 
However, history may have taken no interest in his doings 
because guns were said to be execrable inventions and their 
employment (except against the unbelievers) was decried as 
destructive of manly valor and unworthy of an honorable 
warrior. Berthold was reputed to have compounded powder 
with Satan's blessing, and the clergy preached that as a co- 
worker of the Evil One he was a renegade to his profession 
and his name should be forgotten. There is a tradition that 
he was imprisoned by his fellow monks, and some say he 



made his diabolic invention while in prison. According to 
another legend, Berthold blew himself up while demonstrat- 
ing the power of his discovery; another states that he was 
executed. 

The lovers of fine points may argue over Berthold 's exist- 
ence, but it can be historically established that Freiburg in 
the fourteenth and fifteenth centuries was a flourishing cen- 
ter for the casting of cannon and the training of gunners. 

Boerhaave on Black Powder 

Although black powder has done immeasurable good through 
its civil uses, it has nevertheless been regarded as an evil dis- 
covery because of the easy and unspiortsmanlike means which it 
provides for the destruction of life. Boerhaave, more than two 
centuries ago, wrote in the modem spirit on the importance of 
chemistry in war and condemned black powder in a manner 
. M . 30 

similar to that in which some of our latest devices of warfare 
have been decried in public print. 

It were indeed to be wish'd that our art had been less in- 
genious, in contriving means destructive to mankind; we 
mean those instruments of war, which were unknown to the 
ancients, and have made such havoc among the moderns. 
But as men have always been bent on seeking each other's 
destruction by continual wars; and as force, when brought 
against us, can only be repelled by force; the chief support 
of war, must, after money, be now sought in chemistry. 

Roger Bacon, as early as the twelfth century had found 
out gunpowder, wherewith he imitated thunder and light- 
ning; but that age was so happy as not to apply so extraor- 
dinary a discovery to the destruction of mankind. But two 
ages afterwards, Barthol. Schwartz,^ a German monk and 
chemist, happening by some accident to discover a prodigious 
power of expanding in some of this powder which he had 
made for medicinal uses, he apply’d it first in an iron barrel, 
and soon after to the military art, and taught it to the 
Venetians, The effect is, that the art of war has since that 
time turned entirely on this one chemical invention; so that 
the feeble boy may now kill the stoutest hero: Nor is there 
anything, how vast and solid soever, can withstand it. By a 
thorough acquaintance with the power of this powder, that 
intelligent Dutch General Cohom quite alter'd the whole art 
of fighting; making such changes in the manner of fortifica- 
tion, that places formerly held impregnable, now want de- 
fenders, In effect, the power of gun-powder is still more to be 
fear'd. I tremble to mention the stupendous force of another 

Bacon lived in the thirteenth century; we quote the passage as it is 
printed. 

^Shaw’s footnote (op. cit., p, 190) states: 

^Vhat evidently skews the ordinary account of its inv^ention false, is, 
that Schwartz is held to have first taught it to the Venetians in the year 
1380; and that they first used it in the war against the Genoese, in a 
place antiently called Fossa Caudeana, now Chioggia. For we find men- 
tion of fire arms much earlier: Peter MessiuSy in his variae Icctiones, 
relates that Alphonsus XI. king of Castile used mortars against the 
Moorsy in a siege in 1348; and Don Pedro, bishop of Leon, in his chron- 
icle, mentions the same to have been used above four hundred years 
ago, by the people of Tunis, in a sea fight against the Moorish king of 
Sevil. Du Cange adds, that there is mention made of this powder in 
the registers of the chambers of accounts in France, as early as the 
year 1338, 
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powder, prepar'd of sulfur, nitre, and burnt lees of wine;° to 
say nothing of the well-known power of aurum fulminans. 
Some person taking a quantity of fragrant oil, chemically 
procured from spices, and mixing it with a liquor procured 
from salt-petre, discover'd a thing far more powerful than 
gun-powder itself; and which spontaneously kindles and 
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®This is fulminating powder, made, according to Ure’s “Dictionary of 
Chemistry,*' first American edition, Philadelphia, 1821: 

by triturating in a warm mortar, three parts by weight of nitre, two 
of carbonate of potash, and one of flowers of sulfur. Its effects, when 
fused in a ladle, and then set on fire, are \ery great. The whole of the 
melted fluid explodes with an intolerable noise, and the ladle is com- 
monly disfigured, as if it had received a strong blow downwards. 
Samuel Guthrie, Jr. (cf. Archeion, 13, 11 ff. [19311), manufactured and 
sold in this country large quantities of a similar material. In a letter to 
Benjamin Silliman dated September 12, 1831 (Am. J. Sci, Arts, 21, 288 ff. 
[1832]), he says: 

I send you two small phials of nitrated sulphuret of potash, or yellow 
powder, as it is usually called in this country. ... I have made some 
hundred pounds of it, which were eagerly bought up by hunters and 
sportsmen for priming fire arms, a purpose which it answered most 
admirably ; and, but for the happy introduction of powder for priming, 
which is ignited by percussion, it would long since have gone into 
extensive use. 

With this preparation I have had much to do, and I doubt whether, 
in the whole circle of experimental philosophy, many cases can be found 
involving dangers more appalling, or. more difficult to be overcome, 
than melting fulminating powder and saving the product, and reducing 
the process to a business operation. I have had with it some eight Or 
ten tremendous explosions, and in one of them I received, full in my 
face and eyes, the flame of a quarter of a pound of the composition, 
just as it had become thoroughly melted. 

The common proportions of 3 parts of nitre, 2 parts of carbonate of 
potash and 1 part of sulphur, gave a powder three times quicker than 
common black powder; but, by melting together 2 parts of nitre and 1 
of carbonate of potash, and when the mass was cold adding to 4% parts 
of it. 1 part of sulphur— equal in the 100 to 54.54 dr>’ nitre, 2727 dry 
carbonate of potash and 18.19 sulphur— a greatly superior composition 
w’as produced, burning no less than eight and one half times quicker 
than the best common powder. The substances were intimately ground 
together, and then melted to a waxy consistence, tipon an iron plate of 
one inch in thickness, heated over a muffled furnace, taking care to 
knead the mass assiduously, and remove the plate as often as the bot- 
tom of the mass became pretty slipperjL 

By the previously melting together of the nitre and carbonate of 
potash, a more intimate union of these substances w*as effected than 
could possibly be made by mechanical means, or by the slight melting 
which was admissible in the after process; and by the slight melting of 
the whole upon a thick iron plate, I was able to conduct the business 
with facility and safety. 

The melted mass, after being cold, is as hard and porous as pumice 
stone, and is grained with difficulty; but there is a stage when it is 
cooling in which it is ver>’ crumbly, and it should then be powdered 
upon a board, with a small wooden cylinder, and put up hot, without 
tsorting the grains or even sifting out the flour. 
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burns with great fierceness, without any application of fire.® 

I shall but just mention a fatal event which lately happen’d 
in Germany j from an experiment made with balsam of sul- 
phur terebinthinated, and confined in a close chemical vessel, 
and thus exploded by fire; God grant that mortal men may 
not be so ingenious at their own cost, as to pervert a profit- 
able science any longer to such horrible uses. For this reason 
I forbear to mention several other matters far more horrible 
and destructive, than any of those above rehearsed. 

•Shaw’s footnote (op. oil., p. 191): “A drachm of compound spirit of 
nitre being poured on half a drachm of oil of carraway seeds in vacuo; 
the mixture immediately made a flash like gun-pow’der. and burst the ex- 
hausted receiver, which w’as a glass six inches wide, and eight inches deep.'* 

Greek Fire 

Fire and the sword have been associated with each other from 
earliest times. The invention of Greek fire appears to have con- 
sisted of the addition of saltpeter to the combustible mixtures 
already in use, and Greek fire is thus seen as the direct ancestor 
both of black gunpowder and of pyrotechnic compositions. 

The Byzantine historian, Theophanes the Confessor, narrates 
that ''Constantine [Constantine IV, sumamed Pogonatus, the 
Bearded], being apprised of the designs of the unbelievers against 
Constantinople, commanded large boats -equipped with cauldrons 
of fire (tubs or vats of fire) and fast-sailing galleys equipped 
with siphons.” The narrative refers to events which occurred in 
the year 670, or possibly 672. It says for the next year; "At this 



time Kallinikos, an architect (engineer) from HHiopolis of Syria, 
came to the Byzantines and having prepared a sea fire (or marine 
fire) set fire to the boats of the Arabs, and burned these with 
their men aboard, and in this manner tlie Byzantines were 
victorious and found (discovered) the marine fire.” The Mos- 
lem fleet was destroyed at Cyzicus by the use of this fire which 
for several centuries afterwards continued to bring victory 
to the Byzantines in their naval battles with the Moslems and 
Russians. 

Leo’s Tactica, written about a.d. 900 for the generals of the 
empire, tells something of the manner in which the Greek fire was 
to be used in combat. 
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And of the last two oarsmen in the bow, let the one be the 
siphonatory and the other to cast the anchor into the sea. 
... In any case, let him have in the bow the siphon covered 
with copper, as usual, by means of which he shall shoot the 
prepared fire upon the enemy. And above such siphon (let 
there be) a false bottom of planks also surrounded by 
boards, in which the warriors shall stand to meet the on- 
coming foes. ... On occasion [let there be] formations 
immediately to the front [without maneuvers] so, whenever 
there is need, to fall upon the enemy at the bow and ^set 
fire to the ships by means of the fire of the siphons. .*. - 
Many very suitable contrivances were invented by the an- 
cients and moderns, with regard to both the enemy’s ships 
and the w^arriors on them — such as at that time the prepared 
fire which is ejected (thrown) by means of siphons with a 
roar and a lurid (burning) smoke and filling them [the 
ships] with smoke. . . . They shall use also the other 
method of small siphons thrown (i.e., directed) by hand from 
behind iron shields and held [by the soldiers], which are 
called hand siphons and have been recently manufactured 
by our state. For these can also throw (shoot) the prepared 
fire into the faces of the enemy. 

Leo also described the use of strepta, by which a liquid fire was 
ejected, but he seemed to have been vague upon the details of 
construction of the pieces and upon the force which propelled the 
flame, and, like the majority of the Byzantine winters, he failed 
to mention the secret ingredient, the saltpeter, upon which the 
functioning of the fires undoubtedly depended, for their flames 
could be directed downward as well as upward. 

The Byzantines kept their secret well and for a long time, but 
the Mosiems finally learned about it and used the fire against 
the Christians at the time of the Fifth Crusade. In the Sixth 
Crusade the army of Saint Louis in Egypt w^as assailed with 
incendiaries thrown from ballistae, with fire from tubes, and with 
grenades of glass and metal, thrown by hand, which scattered fire 
on bursting. Brock thinks that the fire from tubes operated in 
the manner of Roman candles. The charge, presumed to be a non- 
homogeneous mixture of combustible materials with saltpeter, 
"will, in certain proportions, if charged into a strong tube, give 
intermittent bursts, projecting blazing masses of the mixture to a 
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considerable distance. The writer has seen this effect produced in 
a steel mortar of 5% inches diameter, the masses of composition 
being thrown a distance of upwards of a hundred yards, a con- 
siderable range in the days of close warfare.” There is no reason 
to believe that the fire tubes were guns. 

Marcus Graecus 

In the celebrated book of Marcus Graecus, Liber iynium ad 
comburendos hastes, Greek fire and other incendiaries are de- 
scribed fully, as is also black powder and its use in rockets and 
crackers. This work was quoted by the Arabian physician, Mesue, 
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in the ninth century, and was probably wTitten during the eighth. 

Greek fire is made as follow^s: take sulfur, tartar, sarco- 
colla, pitch, melted saltpeter, petroleum oil, and oil of gum, 
boil all these together, impregnate tow with the mixture, and 
the material is ready to be set on fire. This fire cannot be 
extinguished by urine, or by vinegar, or by sand. . . * 

Flying fire (rockets) may be obtained in the following 
manners take one part of colophony, the same of sulfur, and 
two parts of saltpeter* Dissolve the pulverized mixture in 
linseed oil, or better in oil of lamium. Finally, the mixture is 
placed in a reed or in a piece of wood which has been hol- 
lowed out. When it is set on fire, it will fly in whatever direc- 
tion one wishes, there to set everything on fire. 

Another mixture corresponds more closely to the composition 
of black pow'der* The author even specifies grapevine or willow 
charcoal which, with the charcoal of black alder, are still the 
preferred charcoals for making fuze powders and other grades 
where slow^ burning is desired. 

Take one pound of pure sulfur, two pounds of grapevine 
or w'illow^ charcoal, and six pounds of saltpeter. Grind these 
three substances in a marble mortar in such manner as to 
reduce them to a most subtle powder. After that, the powder 
in desired quantity is put into an envelope for flying {a 
rocket) or for making thunder (a cracker). Note that the 
envelope for flying ought to be thin and long and well-filled 
with the above-described powder tightly packed, while the 
envelope for making thunder ought to be short and thick, 
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only^half filled with powder, and tightlv tied up at both 
ends with an iron wire. Note that a small hole ought to be 
made in each envelope for the introduction of the match. 
The match ought to be thin at both ends, thick in the mid- 
dle, and filled with the above-described powder. The enve- 
lope intended to fly in the air has as many thicknesses (ply) 
as one pleases; that for making thunder, however, has a 
great many. 

Toward the end of the Liber ignium the author gives a slightly 
dificrent formula for the black powder to be used in rockets. 

The composition of flying fire is threefold. The first com- 
position may be made from saltpeter, sulfur, and linseed oil. 
These ground up together and packed into a reed, and 
lighted, will make it ascend in the air. Another flying fire 
may be made from saltpeter, sulfur, and grapevine or wil- 
low charcoal. These materials, mixed and introduced into a 
papyrus tube, and ignited, will make it fly rapidly* And note 
that one ought to take three times as much charcoal as sul- 
fur and three times as much saltpeter as charcoal* 

Roger Bacon 

Roger Bacon appears to have been the first scholar in northern 
Europe who was acquainted wdth the use of saltpeter in incen- 
diary and explosive mixtures. Yet the passage in which be makes 
specific mention of this important ingredient indicates that toy 
firecrackers were already in use by the children of his day. In 
the ^'Opus Majus/^ Sixth Part, On Experimental Science, he 
^Tites: 

For malta, which is a kind of bitumen and is plentiful in 
this world, when cast upon an anned man bums him up. The 
Romans suffered severe loss of life from this in their con- 
quests, as Pliny states in the second book of the Natural 
History, and as the histories attest. Similarly yellow petro- 
leum, that is, oil springing from the rock, burns up whatever 
it meets if it ie properly prepared. For a consuming fire is 
produced by this which can be extinguished with difficulty; 
for Tvater cannot put it out. Certain inventions disturb the 



hearing to such a degree that, if they are set off suddenly at 
night with sufficient skill, neither city nor army can endure 
them. No clap of thunder could compare with such noises. 
Certain of these strike such terror to the sight that the 
coruscations of the clouds disturb it incomparably less. . . . 
We have an example of this in that toy of children which is 
made in inanv parts of the world, namely an instrument as 
36 



Figure 17. Roger Bacon (c. 1214-1292). Probabiy the first man in LHiin 
Europe to publish a. description of black powder. He was acquainted with 
rockets and firecrackers, but not with guns, 
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large as the human thumb. From the force of the salt called 
saltpeter so hoiTiblc a sound ie produced at the bursting of 
so small a thing, namely a small piece of parchment, that 
perceive it exceeds the roar of sharp thunder, and the flash 
exceeds the greatest brilliancy of the lightning accompany- 
ing the thunder. 

A descrmtioii in cypher of the composition of black powder in 
the treatise nullitate magiae^' which is ascribed to Roger 
Bacon lias attracted considerable attention. Whether Bacon wrote 
the treatise or not, it is certain at any rate that the treatise dates 
from about his time and certain, too, that much of the material 
Tvhich it contains is to be found in the ''Opus Majus.” The author 
describes many of the wonders of nature, mechanical, optical, 
medicinal, etc., among them incendiary compositions and fire- 
crackers. 
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We can prepare from saltpeter and other materials an ar- 
tificial fire which will burn at whatever distance we please. 
The same may be made from red petroleum and other things, 
and from amber, and naphtha, and white petroleum, and 
from similar materials. . . . Greek fire and many other com- 
bustibles are closely akin to these mixtures. ... For the 
sound of thunder may be artificially produced in the air with 
greater resulting horror than if it had been produced by nat- 
ural causes. A moderate amount of proper material, of the 
size of the thumb, will make a horrible sound and violent 
coruscation. 

Toward the end of the treatise the author announces his inten- 
tion of writing obscurely upon a secret of the greatest importance, 
and then proceeds to a seemingly incoherent discussion of some- 
thing which he calls “the philosopher's egg." Yet a thoughtful 
reading between the lines shows that the author is describing the 
purification of “the stone of Tagus" (saltpeter), and that this 
material is somehow to be used in conjunction with “certain parts 
of burned shrubs or of willow” (charcoal) and with the “vapor of 
pearl” (which is evidently sulfur in the language of the medieval 
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chemists) . The often-discussed passage which contains the black 
powder anagram is as follow^s: 

Sed tamen salis petrae LVRV VO PO VIR CAN VTRIET 

sidphuriSf et sic facies tonitruum et coruscationem : sic facies 
artificium. 

A few" lines above the anagram, the author sets dowm the com- 
position of black powder in another manner. “Take then of the 
bones of Adam (charcoal) and of the Calx (sulfur), the same 
w^eight of each; and there are six of the Petral Stone (saltpeter) 
and five of the Stone of Union.” The Stone of Union is either 
sulfur or charcoal, probably sulfur, but it doesn’t matter for the 
context has made it evident that only three components enter 
into the composition. Of these, six parts of saltpeter are to be 
taken, five each of the other two. The little problem in algebra 
supplies a means of checking the solution of the anagram, and it 
is evident that the passage ought to be read as follows: 

Sed tamen salis petrae R. VI. PART. V. NOV. CORVLI. 

ET V. sulphuris, et sic facies tonitruum et coruscationem: sic 
facies artificium. 

But, however, of saltpeter take six parts, five of young willow 

(charcoal), and five of sulfur, and so you will make thunder 
and lightning, and so you will turn the trick. 

The 6:5:5 formula is not a very good one for the composition 
of black pow"der for use in guns, but it probably gave a mixture 
which produced astonishing results in rockets and firecrackers, 
and it is not unlike the formulas of mixtures w"hich are used in 
certain pyrotechnic pieces at the present time. 

Although Roger Bacon w’as not acquainted with guns or with 
the use of black pow^der for accomplishing mechanical w"ork, yet 
he seems to have recognized the possibilities in the mixture, for 
the treatise “On the Nullity of Magic” comes to an end with the 
statement: “Whoever will rewrite this w’ill have a key which 
opens and no man shuts, and wmen he will shut, no man opens.”^® 

Compare Revelations, 3: 7 and 8. “And to the angel of the church 
in Philadelphia write: These things saith he that is holy, he that is true, 
he that hath the key of David, he that openeth, and no man shutteth; 
and shutteth, and no man openeth; I know thy works: behold, I have set 
before thee an open door, and no man can shut it.” 
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Development of Black Powder 



Guns apparently first came into use shortly after the death of 
Roger Bacon. A manuscript in the Asiatic Museum at Leningrad, 
probably compiled about 1320 by Shems ed Din Mohammed, 
show"s tubes for shooting arrow's and balls by means of pow'der. 
In the library of Christ Church, Oxford, there is a manuscript 
entitled “De officiis regum,” w'ritten by Walter de Millemete in 
1325, in which a drawing pictures a man applying a light to the 
touch-hole of a bottle-shaped gun for firing a dart. On February 
11, 1326, the Republic of Venice ordered iron bullets and metal 
cannon for the defense of its castles and villages, and in 1338 
cannon and powder w’ere provided for the protection of the ports 
of Harfleur and I’Heure against Edward III. Cannon were used 
in 1342 by the Moors in the defense of Algeciras against Alphonso 
XI of Castile, and in 1346 by the English at the battle of Crecy. 

When guns began to be used, experiments were carried out for 
determining the precise composition of the mixture which w"ould 
produce the best effect. One notable study, made at Bruxelles 
about 1560, led to the selection of a mixture containing saltpeter 
75 per cent, charcoal 15.62 per cent, and sulfur 9.38 per cent. 
A few of the formulas for black powder which have been used at 
various times are calculated to a percentage basis and tabulated 



below: 

8th century, Marcus Graecus 

8th century, Marcus Graecus 

c. 1252, Roger Bacon 

1360, Ardeme (laboratory recipe) . . 

1560, Whitehome 

1560, Bruxelles studies 

1685, British Government contract 
1781, Bishop Watson 



Saltpeter 


Charcoal 


SULTUB 


66.66 


22.22 


11.11 


69.22 


23.07 


7.69 


37.50 


31.25 


31.25 


66.6 


22.2 


11.1 


50.0 


33.3 


16.6 


75.0 


15.62 


9.38 


75.0 


12.5 


12.5 


75.0 


15.0 


10.0 



It is a remarkable fact, and one which indicates that the im- 
provements in black powder have been largely in the methods 
of manufacture, that the last three of these formulas correspond 
very closely to the composition of all potassium nitrate black 
powder for military and sporting purposes which is used today. 
Any considerable deviation from the 6:1:1 or 6: 1.2: 0.8 formulas 
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produces a powder which burns more slowly or produces less 
vigorous effects, and different formulas are used for the com- 




Figure 18. Gunpowder Manufacture, Lorrain, 1630. After the materiala 
had been intimately ground together in the mortar, the mixture was 
moistened with water, or with a solution of camphor in brandy, or with 
other material, and formed into grains by rubbing through a sieve. 
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pounding of powders for blasting and for other special purposes. 
In this country blasting powder is generally made from sodium 
nitrate. 

John Bate early in the seventeenth century understood the 
individual functions of the three components of black powder 
when he wrote: “The Saltpeter is the Soule, the Sulphur the Life, 
and the Coales the Body of it.” The saltpeter supplies the 
oxygen for the combustion of the charcoal, but the sulfur is the 
life, for this inflammable element catches the first fire, communi- 
cates it throughout the mass, makes the powder quick, and gives 
it vivacity. 

Hard, compressed grains of black powder are not porous— the 
sulfur appears to have colloidal properties and to fill completely 
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tlie spaces between the small particles of the other components— 
and the grains are poor conductors of heat. When they are lighted, 
they burn progressively from the surface. The area of the surface 
of an ordinary grain decreases as the burning advances, the grain 
becomes smaller and smaller, the rate of production of gas de- 
creases, and the duration of the whole burning depends upon the 
dimension of the original grain. Large powder grains which re- 
quired more time for their burning were used in the larger guns. 
Napoleon’s army used roughly cubical grains 8 mm. thick in its 
smaller field guns, and cubical or lozenge-shaped grains twice as 
thick in some of its larger guns. Grains in the form of hexagonal 
prisms were used later, and the further improvement was intro- 
duced of a central hole through the grain in a direction parallel 
to the sides of the prism. When these single-perforated hexagonal 
prisms were lighted, the area of the outer surfaces decreased as 
the burning advanced, but the area of the inner surfaces of the 
holes actually increased, and a higher rate of production of gas 
was maintained. Such powder, used in rifled guns, gave higher 
velocities and greater range than had ever before been possible. 
Two further important improvements were made: one, the use of 
multiple perforations in the prismatic grain by means of which 
the burning surface was made actually to increase as the burning 
progressed, with a resultant acceleration in the rate of production 
of the gases; and the other, the use of the slower-burning cocoa 
powder which permitted improvements in gun design. These, 
however, are purely of historical interest, for smokeless powder 
has now entirely superseded black powder for use in guns. 

If a propellent powder starts to burn slowly, the initial rise of 
pressure in tlie gun is less and the construction of the breech end 
of the gun need not be so strong and so heavy. If the powder 
later produces gas at an accelerated rate, as it will do if its 
burning surface is increasing, then the projectile, already moving 
in the barrel, is able to take up the energy of the powder gases 
more advantageously and a greater velocity is imparted to it. 
The desired result is now secured by the use of progressive- 
burning colloided smokeless powder. Cocoa powder was the most 
successful form of black powder for use in rifled guns of long 
range. 

Cocoa powder or brown powder was made in single-perforated 
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hexagonal or octagonal prisms which resembled pieces of milk 
chocolate. A partially burned brown charcoal made from rye 
straw was used. This had colloidal properties and flowed under 
pressure, cementing the grains together, and made it possible to 
manufacture powders which were slow burning because they con- 
tained little sulfur or sometimes even none. The compositions of 
several typical cocoa powders are tabulated below: 



Brown 





Saltpeter 


Charcoal 


SULPUR 


England 


.... 79 


18 


3 


England 


.... 77.4 


17.6 


5 


Germany 


.... 78 


19 


3 


Germany. . ^ . 


.... 80 


20 


0 


France 


.... 78 


19 


3 



Cocoa powder was more sensitive to friction than ordinary black 
powder. Samples were reported to have inflamed from shaking in 
a canvas bag. Cocoa powder was used in the Spanish-American 
war, 1898. When its use was discontinued, ej^isting stocks were 
destroyed, and single grains of the powder are now generally to 
be seen only in museums. 

Burning of Black Powder 

Black powder bums to produce a white smoke. This, of course, 
consists of extremely small particles of solid matter held tem- 
porarily in suspension by the hot gases from the combustion. 
Since the weight of these solids is equal to more than half of the 
weight of the original pow^der, the superiority of smokeless pow- 
der, which produces practically no smoke and practically 100 per 
cent of its weight of hot gas, is immediately apparent. The 
products of the burning of black powder have been studied by 
a number of investigators, particularly by Noble and Abel, 
who showed tliat the burning does not correspond to any simple 
chemical reaction between stoichiometrical proportions of the 
ingredients. Their experiments with RLG powder having the 
percentage composition indicated below showed that this powder 
burned to produce (average results) 42.98 per cent of its weight 
of gases, 55.91 per cent solids, and 1.11 per cent water. 



Potaeeium nitrate 
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Potassium sulfate 






Sulfur 




10 093 


f Carbon .... 


.. 12.398 1 




Charcoal 


.. 0.401 i 

.. 1.272 1 


..... 14.286 


[Ash 


.. 0.215 J 




Moisture 




1.058 



Their mean results from the analysis of the gaseous products 
(percentage by volume) and of the solid products (percentage by 
weight) are shown in the following tables. 



Carbon dioxide 49.29 

Carbon monoxide 12.47 

Nitrogen 32.91 

Hydrogen sulfide 2.65 

Methane 0.43 

Hydrogen 2.19 



Potassium carbonate 61.03 

Potassium sulfate 15.10 

Potassium sulfide 14.45 

Potassium thiocyanate 0.22 

Potassium nitrate 0.27 

Ammonium carbonate. 0.08 

Sulfur 8.74 

Carbon 0.08 



One gram of the powder in the state in which it was normally 
used, that is, while containing 1.058 per cent of moisture, pro- 
duced 718.1 calories and 271.3 cc. of permanent gas measured at 
0 and 760 mm. One gram of the completely desiccated powder 
gave 725.7 calories and 274.2 cc. These results indicate by cal- 
culation that the explosion of the powder produces a temperature 
of about 3880®. 



Uses of Black Powder 

Where smoke is no objection, black powder is probably the 
best substance that we have for communicating fire and for pro- 
ducing a quick hot flame, and it is for these purposes that it is 
now principally used in the military art. Indeed, the fact that its 
flame is filled with finely divided solid material makes it more 
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efficient as an igniter for smokeless powder than smokeless 
powder itself. Standard black powder (made approximately in 
accordance with the 6:1 J or the 6:1. 2:0. 8 formula) is used in 
petarch^ as a base charge or expelling charge for shrapnel shells, 
in saiulmg and blank fire charges, as the bursting charge of prac- 
tice shells and bombs, as a propelling charge in certain pyro- 
lechnic pieces, and, either ivith or without the admixture of other 
substances wliich modify the rate of burning, in the time-train 
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FiauBSi 19. Stamp Mill for Making Black Powder. (Courtesy National 
Fireworks Company and the Globe.) This mill, w’hich make^ 

powder fur uKi in the rnanu/ueture of fireworks, consiEts of a single block 
of granite in whieh three deeyj cup-shaped cavities have been cut. The 
stamps W’hich operate in these cups are supplied at their lower ends with 
cylindrical blocks of wood, sections cut from the trunk of a hornbeam 
tree. These are replaced when worn out. The pow^der from the mill is 
called ‘'meal powder" and is used us »Lieh in the manufacture of fireworks. 
Also it is moistened slight I 3 ' with water aud rubbed through sieves to 
form granular gunpowder for use in making rockets, Homan candles, aerial 
bombsheHs, and other artifices. 
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rings and in other part& of fuzes. Modified black powders, in 
which the proportion of the ingredients does not approximate to 
the standard formulas just mentioned, have been used for blast- 
ing, especially in Europe^ and have been adapted to special uses 
in pyrotechny. Sodium nitrate powder, ammonpulver, and other 
more remote modifications are discussed later in this chapter or 
in the chapter on pyrotechnics. 

Manufacture 

During the eighteenth century, stamp mills (Figure 19) for 
incorporating the ingredients of black powder largely superseded 
the more primitive mortars operated by band. The meal powder, 
or pulverin as the French call it, was made into gunpowder by 
moistening slightly and then pressing fhrough sieves. The 
powder grains were not uniform with one another either in their 
composition or their density, and could not be expected to give 
%^ery uniform ballistic results. The use of a heavy w-hcel mill for 



grinding and pressing the materials together, and the subsequent 
pressing of the material into a hard cake which is broken up into 
grains, represent a great advance in the art and produce hard 
grains which are physically and ballistically uniform.^® The 
operations in the manufacture of black pow'der as it is carried out 
at present are briefly as follow^s: 

L Mixing of the powdered materials is accomplished by hand 
or mechanical blending wliile they are dampened with enough 
w^ater to prevent the fonnation of dust, or the pow*dered sulfur 
and charcoal are stirred into a saturated solution of the requisite 
amount of potassium nitrate at a temperature of about 130®, the 
hot mass is spread out on the floor to cool, and the lumps are 
broken up, 

2, Incorporating or Milling. The usual wheel mill has wheels 
which w eigh 8 or 10 tons each. It takes a charge of 3CK) pounds of 

^'Thc French still mnke for the preparation of black match 

and for use in pyrotechnics, by rolling the matcnals with balls, isome of 
lead nnd some of lignum vitae, in a barrel of hardwood. They also sonic- 
times us!e this method for mixing the ingredients before they are incor- 
porated more thoroughly in the wheel mill. 

The black powder w'hcel mill is also used for reducing (under water) 
deteriorated Bmokelcis& j>ow^der to a fine meal in order that it may he re- 
worked or used in the compounding of commereiul explosives, and for the 
intimate incorporation of such explosives as the French schneidcritc. 
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the mixture. The wheels rotate for about 3 hours at a rate of 
about 10 turns per minute. Edge runners turn back under the 
tread of the wheels material which would otherwise work aw^ay 
from the center of the mill Considerable heat is produced during 
the milling, and more w^ater is added from time to time to replace 
that wdiich is lost by evaporation in order that the material may 
aiw^ays be moist The wheel cake'^ and '‘clinker^’ wffiich result 
from the milling arc broken up into small pieces for the pressing. 



Fi(?tni£ 20. Modem Wheel Mill for Making Black Powder, (Courtesy Atlas 
Powder Company.) The large wheels weigh lO tons each. 

3 . Pressing is done in a horizontal hydraulic press. Layers of 
pow'der are built up by band between plates of aluminum, and 
the wdiole series of plates is pressed in one operation. The appa- 
ratus is so designed that fragments of powder are free to fall out 
at the edges of the plates, and only as much of the material 
remains between them as will conveniently fill the space. An 
effective pressure of about 1200 pounds per square inch is applied, 
and the resulting press cakes are about % inch thick and 2 feet 
square. 
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4. Coming or granulating is the most dangerous of the opera- 
tions in the manufacture of black powder. The corning mill is 
usually situated at a distance from the other buildings, is barri- 
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caded, and is never approached while the machinery, controlled 
from a distance, is in operation. The press cake is cracked or 
granulated between crusher rolls. Screens, shaken mechanically, 
separate the dust and the coarse pieces from the grains which are 
of the right size for use. The coarse pieces pass between other 
crusher rolls and over other screens, four sets of crusher rolls 
being used. Corning mill dust is used in fuse powder and by the 
makers of firevrorks, wdio find it superior for certain purposes to 
other kinds of meal powder. 

5. Fimshmg. The granulated powder from the coming mill is 
rounded or polished and made ^‘bright” by tumbling in a re- 
volving wooden cylinder or barrel. Sometimes it is dried at the 
same time by forcing a stream of warm air through the barrel. 
Or the polished powder is dried in wooden trays in a dry-house 
at 40°. If a glazed powder is desired, the glaze is usually applied 
before the final drying. To the polished powder, still warm from 
the tumbling, a small amount of graphite is added, and the 
tumbling is continued for a short time. Black powder of commerce 
usually contains about 1 or 1.5 per cent moisture. If it contains 
less than this, it has a tendency to take up moisture from the 
air; if it contains much more, its efficiency is affected. 

6. Grading. The powder is finally rescreened ,and separated 
into the different grain sizes, C (coarse), CC, CCC, F (fine), FF 
or 2F, 3F, 4F, etc. The word grade applied to black powder, refers 
to the grain size, not to the quality. 

Analysis^® 

A powdered sample for analysis may be prepared safely by 
grinding granulated black powder, in small portions at a time, in 
a porcelain mortar. The powder may be passed through a 60- 
mesh sieve and transferred quickly to a w’eighing bottle without 
taking up an appreciable amount of moisture. 

A test which from ancient times has been applied to black powder is 
carried out by pouring a small sample onto a cold Bat surface and setting 
fire to it. A good powder ought to bum in a flash and leave no ^‘pearls” 
or residue of globules of fused salt. A solid residue indicates either that 
the ingredients have not been well incorporated, or that the powder at 
some time in its history has been wet (resulting in larger particles of salt- 
peter than w’ould be present in good powder, the same result as poor 
incorporation), or that the powder at the time of the test contains an 
undue amount of moisture. 
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M oisture is determined by drying in a desiccator over sulfuric 
acid for 3 days, or by drying to constant weight at 60° or 70°, at 
w'hich temperature 2 hours is usually long enough. 

For determining potassium nitrate y the w^eighed sample in a 
Gooch crucible is washed with hot water until the washings no 
longer give any test for nitrate,®® and the crucible with its con- 
tents is dried to constant weight at 70°. The loss of weight is 
equal to potassium nitrate plus moisture. In this determination, 
as in the determination of moisture, care must be taken not to 
dry the sample too long, for there is danger that some of the 
sulfur may be lost by volatilization. 

SuLjur is determined as the further loss of weight on extraction 
with carbon disulfide in a Wiley extractor or other suitable 
apparatus. After the extraction, the crucible ought to be allowed 
to dry in the air a\vay from flames until all the inflammable car- 
bon disulfide has escaped. It is then dried in the oven to con- 
stancy of weight, and the residue is taken as charcoal. Ash is 



determined by igniting the residue in the crucible until all carbon 
has burned away. A high result for ash may indicate that the 
water extraction during the determination of potassium nitrate 
was not complete. The analytical results may be calculated on a 
moisture-free basis for a closer approximation to the formula by 
which the manufacturer prepared the powder. 

Blasting Powder 

The 6:1:1 and 6:1.2:08 formulas correspond to the quickest 
and most vigorous of the black-powder compositions. A slow^er 
and cheaper powder is desirable for blasting, and both these 
desiderata are secured by a reduction in the amount of potassium 
nitrate. For many years the French government has manufac- 
tured and sold three kinds of blasting or mining powder, as 
foIlow^s: 

Saltpeter Charcoal Sulfur 



Forte 72 15 13 

LcrUe 40 30 30 

Ordinaire 62 18 20 



In the United States a large part of all black powder for blast- 
A few drops, nddod to a few cubic centimeters of a solution of 1 gram 
of diphenylaniinr in 100 cc. of concentrated sulfuric acid, give a blue color 
if a trace of nil rule is present. 

49 

ing is made from sodium nitrate. This salt is hygroscopic, but a 
heavy graphite glaze produces a powder from it W’hich is satis- 
factory under a variety of climatic conditions. Analyses of sam- 
ples of granulated American blasting pow^der have showm that the 
compositions vary wudely, sodium nitrate from 67.3 to 77.1 per 
cent, charcoal from 9.4 to 14.3 per cent, and sulfur from 22.9 to 
8.6 per cent. Perhaps sodium nitrate 73, charcoal 11, and sulfur 
16 may be taken as average values. 

Pellet powders, made from sodium nitrate, are finding exten- 
sive use. These consist of cylindrical ^^pellets,” 2 inches long, 
wTapped in paraffined paper cartridges, 1V4> 1%, 1 V 2 , 1%, and 
2 inches in diameter, which resemble cartridges of dynamite. The 
cartridges contain 2, 3, or 4 pellets which are perforated in the 
direction of their axis with a %-inch hole for the insertion of a 
squib or fuse for firing. 

Ammonpulver 

Propellent powder made from ammonium nitrate is about as 
powerful as smokeless powder and has long had a limited use for 
military purposes, particularly in Germany and Austria. The 
Austrian army used Ammonpulver, among others, during the first 
World War, and it is possible that the powder is now, or may be 
at any time, in use. 

Cans of Hamburg in 1885 patented a powder which con- 
tained no sulfur and was made from 40 to 45 per cent potassium 
nitrate, 35 to 38 per cent ammonium nitrate, and 14 to 22 per 
cent charcoal. This soon came into use tinder the name of Amid- 
pulver, and was later improved by decreasing the proportion of 
potassium nitrate. A typical improved Amidpulver, made from 
potassium nitrate 14 per cent, ammonium nitrate 37 per cent, and 
charcoal 49 per cent, gives a flashless discharge when fired in a 
gun and only a moderate amount of smoke. Ammonpulver which 
contains no potassium nitrate — in a typical example ammonium 
nitrate 85 per cent and charcoal 15 per cent, or a similar mixture 
containing in addition a small amount of aromatic nitro com- 
pound — is flashless and gives at most only a thin bluish-gray 
smoke which disappears rapidly. Rusch has published data 
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which show that the temperature of the gases from the burning 
of ammonpulver (ammonium nitrate 80 to 90 per cent, charcoal 
20 to 10 per cent) is below 900®, and that the ballistic effect is 
approximately equal to that of ballistite containing one-third of 
its w’eight of nitroglycerin. 

Ammonpulver has the advantages of being cheap, powerful, 
flashless, and smokeless. It is insensitive to shock and to friction, 
and is more difficult to ignite than black powder. In use it re- 
quires a strong igniter charge. It bums rapidly, and in gunnery 
is used in the form of single-perforated cylindrical grains usually 
of a diameter nearly equal to that of the space within the 
cartridge. It has the disadvantages that it is extremely hygro- 
scopic and that it wdll not tolerate wide changes of temperature 
without injury. The charges must be enclosed in cartridges w^hich 
are effectively sealed against the ingress of moisture from the air. 
Ammonium nitrate has a transition point at 32.1®. If Ammon- 
pulver is w'armed above this temperature, the ammonium nitrate 
which it contains undergoes a change of crystalline state; this 
results in the crumbling of the large powder grains and conse- 
quent high pressures and, perhaps, bursting of the gun if the 
charge is fired. At the present time Ammonpulver appears to be 
the only modification of black powder w’hich has interesting possi- 
bilities as a military propellant. 

Other Related Propellent Explosives 

Giianidine nitrate powders have not been exploited, but the 
present availability of guanidine derivatives from the cyanamide 
industry suggests possibilities. The salt is stable and non- 
hygroscopic, and is a fiashless explosive — cooler indeed than am- 
monium nitrate. Escales cites a German patent to Gans for a 
blasting powder made from potassium nitrate 40 to 60 per cent, 
guanidine nitrate 48 to 24 per cent, and charcoal 12 to 16 per cent. 

Two other powders, now no longer used, are mentioned here as 
historically interesting examples of propellants made up in ac- 
cordance with the same principle as black powder, namely, the 
principle of mixing an oxidizing salt with a combustible material. 

Raschig^s white blasting powder 'was made by dissolving 65 
parts of sodium nitrate and 35 parts of sodium cresol sulfonate 
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together in water, running the solution in a thin stream onto a 
rotating and heated steel drum w^hereby the water was evap- 
orated, and scraping the finished, powder off from the other side 
of the drum. It was cheap, and easy and safe to make, but was 
hygroscopic. For use in mining, it was sold in waterproof paper 
cartridges. 

Poudre Brugere was made by grinding together 54 parts of 
ammonium picrate and 46 parts of potassium nitrate in a black 
powder wheel mill, and pressing and granulating, etc., as in the 
manufacture of black powder. The hard grains were stable and 
non-hygroscopic. The powder was used at one time in military 
weapons. It was more powerful than black powder and gave less 
smoke. 
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CHAPTER III 
PYROTECHNICS 

The early history of pyrotechnics and the early history of black 
powder are the same narrative. Incendiary compositions con- 
taining saltpeter, and generally sulfur, mixed with combustible 
materials were used both for amusement and for purposes of w’ar. 
They developed on the one hand into black pow^der, first used in 



crackers for making a noise and later in guns for throwing a 
projectile, and on the other into pyrotechnic devices. The avail- 
able evidence indicates that fireworks probably developed first in 
the Far East, possibly in India earlier than in China, and that 
they were based upon various compositions of potassium nitrate, 
sulfur, and charcoal, with the addition of iron filings, coarse char- 
coal, and realgar (As^So) to produce different visual effects. The 
nature of the composition and the state of subdivision of its in- 
gredients determine the rate of burning and the appearance of 
the flame. In Chinese fire, coarse particles of hard-wood charcoal 
produce soft and lasting sparks; filings of cast iron produce 
bright and scintillating ones. The original Bengal lights w^ere 
probably made more brilliant by the addition of realgar. 

The manufacture of pyrotechnics from the Renaissance onward 
has been conducted, and still is practiced in certain places, as a 
household art or familiar craft. The artificer^ needs patience and 
skill and ingenuity for his work. For large-scale factory produc- 
tion, the pyrotechnist has few problems in chemical engineering 
but many in the control of craftsmanship. His 'work, like that of 
the wood-carver or bookbinder, requires manual dexterity but 
transcends artistry and becomes art by the free play of the imag- 
ination for the production of beauty. He knows the kinds of 
effects, audible and visible, which he can get from his materials. 
He knows this as the graphic artist knows the appearance of his 

^ In the French language the word artificier means fireworks maker, and 
artifice means a pyrotechnic device. 
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colors. His problem is twofold: the estlietic one of combining 
these effects in a manner to produce a result which is pleasing, 
and the wholly practical one of contriving devices— and the 
means for the construction of devices— which shall produce these 
results. Like the graphic artist, he had but few colors at first, and 
he created designs with those which he had— lights, fountains, 
show’ers, Roman candles, rockets, etc. As new colors were dis- 
covered, he applied them to the production of better examples of 
the same or slightly modified designs. At the same time he intro- 
duced factory methods, devised improvements in the construction 
of his devices, better tools, faster and more powerful machinery, 
and learned to conduct his operations with greater safety and 
with vastly greater output, but the essential improvements in his 
products since the beginning of the seventeenth century have been 
largely because of the availability of new chemical materials. 

Development of Pyrotechnic Mixtures 

The use of antimony sulfide, Sb^Sa, designated in the early 
writings simply as antimony, along with the saltpeter, sulfur, 
and charcoal, which were the standard ingredients of all pyro- 
technic compositions, appears to have been introduced in the 
early part of the seventeenth century. John Bate’s '‘Book of Fire- 
works,” 1635, containing information derived from “the noted 
Professors, as Mr. Malthus, Mr. Norton, and the French Authour, 
Des Recreations Mathematiques,” mentions no mixtures which 
contain antimony. Typical of his mixtures are the following. 

Compositions for Starres, Take saltpeter one pound, brim- 
stone half a pound, gun]'>owder foure ounces, this must be 
bound up in paper or little ragges, and afterwards primed. 

Another receipt for Starres, Take of saltpeter one pound, 
gunpowder and brimston of each halfe a pound; these must 
be mixed together, and of them make a paste, with a suf- 
ficient quantity of oil of peter ( petroleum 1, or else of faire 
w’ater; of this paste you shal make little ballcs, and roll 
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them in drie gunpowder dust; tlien dry them, and keepe them 
for your oceasions, 



The iron scale which John Bate used in certain of his rocket 
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ilGONb BOpKE 

rv T caching moft plain and withall 

moftexadly, tbecompofingofall 
maaocrofFirc-wotls forTtyumph 
and Recrcadoo* 



LONDON, 

by Thomas Barpir (ox Ti^i/ph Mah. 



Ficuke 21. Title Page of John Bate 'a ''Book of FireworkB.” A "green 
roan," euch ae might walk at the head of a proccaeion, is ahown scattering 
sparks from a fire dub. The construction of this device is described as 
follows: 'To make . . . you must fill diverse canes open at both ends <and 
of a foot long, or more, or lesse, aa yon think fit) with a slow compoajtioii. 
and binds them upon a stafTe of four or five foot long; prime them so 
that one being ended, another may begin : you may prime them with a 
Rfouple or match (prepared as before). Make an osier basket about it w'ith 
a hoJe in the very top to fire it by, and it is done 
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compositions probably produced no brilliant sparks but only 
glowing globules of molten slag which gave .the rocket a more 
luminous tail. Hanzelet Lorrain in 1630 showed a more advanced 
knowledge of the art and gave every evidence of being acquainted 
with it by his oivn experience. He described several mixtures 
containing antimony sulfide and compositions, for balls of bril- 
liant fire to be thrown from the hand, which contain orpiment 
{AS 2 S 3 ) and verdigris. 



Stars of the only two compositions which are well ap- 
proved. Take of powder (gunpowder) four ouneeSj of salt- 
peter two ounces, of sulfur two ounces, of camphor half an 
ounce, of steel filings two treseauXj of white amber half an 




ounce, of antimony (sulfide) half an ounce, of (corrosive) 
sublimate half an ounce. For double the efficacy it is neces- 
sary to temper all these powders with gum agragante dis- 
solved in brandy over hot cinders. When you see that the 
gum is well swollen and fully ready to mix with the said 
brandy, it is necessary forthwith to mix them in a mortar 
with the powder, the quicker the better, and then to cut up 
the resulting paste into pieces. These stars are v^ery beautiful 
and very flowery. Note that it is necessary to put them to 
dry in a pastry or baking oven after the bread has been 
taken off of the hearth. 

Second star composition. Take of saltpeter in fine and dry 
flour ten ounces, of charcoal, of sulfur, of powder (gun- 
powder), of antimony (sulfide), and of camphor each tw^o 
treseaux. Temper the whole with oil of turpentine, and make 
it into a powdery (mealy) paste which j"ou will put into 
little cartridges; and you will load them in the same manner 
as rockets [that is, by pounding in the charge]. When you 
wish to use them, it is necessary to remove the paper wrap- 
per and to cut them into pieces setting a little black match 
(meche d^estoupin) in tlie middle (of each piece) through a 
little hole which you will pierce there. 

How fre balls ore made so white that one can scarcely 
look at them without being dazzled. Take a pound of sulfur, 
three pounds of saltpeter, half a pound of gum arable, four 
ounces of orpiment: grind all together, and mix w'ell by hand, 
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Fiouhe 22. Se V eu l Util I h -Century Fireworks Display, Lorrain, 1630. Flam- 
ing H^vords, shields and pikes, wheel of fire, rockets, stars, candlss, eerpents, 
fireworks. The sun and the moon which are pictured are presumably 
neriai bombs, and the dragons are probably dragon rockets running on 
ropes but may possibly be imaginative representations of Berpents of fire. 
The picture is com incing evidence tJmt many of the varieties of fireworks 
which are now' used (in improved form) for display purposes were already 
in use three centuries ago. 
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and moisten witli brandy and make into a stiff paste into 
which you will mix half a pound of ground glass, or of crys- 
tal in small grains, not in powder, which you will pass 
through a screen or sieve. Then, mixing well with the said 
paste, you will form balls of it, of whatever size you please 
and as round as you can make them, and then you will let 
them dry. If you wish to have green fire, it is necessary 
merely to add a little verdigris to the composition. This is a 
very beautiful fire and thoroughly tested, and it needs no 
other primer to fire it than the end of a lighted match, for, 
as soon as the fire touches it, it inflames forthwith. It is 
beautiful in saluting a prince or nobleman to have such 
agreeable hand fire balls before setting off any other fire- 
works. 

Audot, whose little book we take to be representative of the 
state of the art at the beginning of the nineteenth century, had 
a slightly larger arsenal of materials. 

Iron and steel filings. “They give white and red sparks. It is 
necessary to choose those which are long and not rolled up, and 
to separate them from any dirt. They are passed through two 
sieves, in order to have two sizes, fine filings and coarse filings. 
Those of steel are in all respects to be preferred. It is easy to 
procure them from the artisans who work in iron and steel.’’ 
Ground and filed cast iron, “Cast iron is used in the fires which 
are designated by the name of Chinese fire. Two kinds, fine and 
coarse. The cast iron is ground in a cast iron mortar with a cast 
iron or steel pestle, and then sifted.” 

Red copper filings. “This gives greenish sparks.” 

Zinc filings “produce a beautiful blue color; it is a substance 
very difficult to file.” 

Antimony (sulfide) “gives a blue flame. It is ground up and 
passed through a screen of very fine silk.” 

Yellow amber. *Tts color, when it burns, is yellow. It is used 
only for the fire of lances. It is very common in the drug trade. 
It ought to be ground and passed through a sieve.” 

Lampblack. “It gives a very red color to fire, and it gives rose 
in certain compositions.” 

Yellow sand or gold powder. “It is used in suns where it pro- 
duces golden yellow ravs. It is a reddish vellow sand mixed with 
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little brilliant scales. The paperers sell it under the name of gold 
powder. It is very common in Paris.” 

Some of Audot's compositions are as follows: 

Common fire: meal powder 16 parts, coarse and fine char- 
coal 5 parts. 

Chinese fire: meal powder 16 parts, cast iron 6 parts. 

Brilliant fire: meal powder 16 parts, steel filings 4 parts. 

Blue fire for cascades: meal powder 16 parts, saltpeter 8, 
sulfur 12, and zinc filings 12 parts. 

Fixed star: saltpeter 16 parts, sulfur 4, meal powder 4, 
and antimony (sulfide) 2 parts. 

Silver rain for a turning sun or fire wheel: meal powder 
16 parts, saltpeter 1, sulfur 1, steel filings 5 parts. 

Green fire for the same : meal powder 16 parts, copper fil- 
ings 3 parts. 



Chinese fire for the same: meal powder 16 parts, saltpeter 
8, fine charcoal 3, sulfur 3, fine and coarse cast iron 10 parts. 

Composition for lances. Yellow: saltpeter 16 parts, meal 
powder 16, sulfur 4, amber 4, and colophony 3 parts. Rose: 
saltpeter 16 parts, lampblack 1, meal powder 3. White: salt- 
peter 16 parts, sulfur 8, meal powder 4. Blue: saltpeter 16 
parts, antimony (sulfide) 8, very fine zinc filings 4. Green: 
saltpeter 16 parts, sulfur 6, verdigris 16, and antimony (sul- 
fide) 6 parts. 

Bengal flame: saltpeter 16 parts, sulfur 4, and antimony 
(sulfide) 2 parts. This mixture was to be lighted by quick- 
match and burned in small earthenware pots for general 
illumination. 

The Ruggieri, father and son, contributed greatly to the de- 
velopment of fireworks by introducing new, and often very elab- 
orate, pieces for public display and by introducing new materials 
into the compositions. They appear to have been among the first 
who attempted to modify the colors of flames by the addition of 
salts. The compositions which we have cited from Audot are 
similar to some of those which the elder Ruggieri undoubtedly 
used at an earlier time, and the younger Ruggieri, earlier than 
Audot’s book, was using materials which Audot does not mention, 
in particular, copper sulfate and ammonium chloride for the 
green fire of the palm-tree set piece. The use of ammonium 
chloride was a definite advance, for the chloride helps to volatilize 
the copper and to produce a brighter color. But ammonium 
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chloride is somewhat hygroscopic and tends to cake, and it is 
now no longer used; indeed, the chloride is unnecessary in com- 
positions which contain chlorate or perchlorate. In the Ruggieri 
“we have two pyrotechnists wffio can be considered to represent 
the best skill of France and Italy ; in fact, it was Ruggieri wffiose 
arrival in France from Italy in or about 1735 marked the great 
advance in pyrotechny in the former country.” The elder Rug- 
gieri conducted a fireworks display at Versailles in 1739. In 1743 
he exhibited for the first time, at the Theatre de la Comedie 
Italienne and before the King, the passage of fire from a moving 
to a fixed piece. “This ingenious contrivance at first astonished 
the scientists of the day, wdio said wdien it w*as explained to them 
that nothing could be more simple and that any one could have 
done it at once.” In 1749 he visited England to conduct, wdth 
Sarti, a firew^orks display in Green Park in celebration of the 
peace of Aix-la-Chapelle. The younger Ruggieri conducted many 
public pyrotechnic exhibitions in France during the years 1800- 
1820, and wrote a treatise on fireworks w’hich was published both 
in French and in German. 

Potassium chlorate had been discovered, or at least prepared 
in a state of purity, by Berthollet in 1786, It had been tried un- 
successfully and with disastrous results in gunpow’der. Forty 
years elapsed before it began to be used in pyrotechnic mixtures, 
where, with appropriate salts to color the flame, it yields the 
brilliant and many-colored lights which are now familiar to us. 
At present it is being superseded for certain purposes by the safer 
perchlorate. 

James Cutbush, acting professor of chemistry and mineralogy 
at West Point, in his posthumous “System of Pyrotechny,” 1825, 
tells of the detonation of various chlorate mixtures and of their 
use for the artificial production of fire. “Besides the use of nitre 
in pyrotechnical compositions, as it forms an essential part of all 
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of them, there is another salt . . . that affords a variety of 
amusing experiments. This salt is the hyperox>"muriate or chlorate 
of potassa. Although it has neither been used for fire- works on an 
extensive scale, nor does it enter into any of the compositions 
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usually made for exhibition, yet its effect is not the less amus- 
ing.” At a later place Cutbush says: *‘M. Ruggieri is of opinion, 
that chlorate, or hyperoxymuriate of potassa may be employed 
with advantage in the composition of rockets, but we have not 
heard that it has been used. It is more powerful in its effects, and 
probably for this reason he recommended it. This salt, mixed with 
other substances, will produce the green fire of the palm-tree, in 
imitation of the Russian fire.” 

Ruggieri^s Russian fire, as his son later described it, consisted 
of crystallized copper acetate 4 parts, copper sulfate 2 parts, and 
ammonium chloride 1 part, all finely pulverized and mixed with 
alcohol, and placed upon cotton wick attached to spikes upon the 
thin metal pieces which were the leaves of the palm tree. The 
resulting display would not be impressive according to modern 
standards. 

Cutbush also knew how to color the flame, for he says: 

We are of opinion, that many of the nitrates might be ad- 
vantageously employed in the manufacture of fire works. 
Some, as nitrate of strontian, communicate a red color to 
flame, as the flame of alcohol. Nitrate of lime also might be 
used. . . . Muriate of strontian, mixed with alcohol, or 
spirit of wine, will give a carmine-red flame. For this ex- 
periment, one part of the muriate is added to three or four 
parts of alcohol. Muriate of lime produces, with alcohol, an 
orange-coloured flame. Nitrate of copper produces an emer- 
ald-green flame. Common salt and nitre, with alcohol, give 
a yellow flame. 

According to Brock, the use of chlorate in pyrotechnic mix- 
tures, initiating the modem epoch in the art, first occurred about 
1830. Lieut. Hippert of the Belgian artillery pilblished at 
Bruxelles in 1836 a French translation, ^Tyrotechnie raisonn^,” 
of a work by Prussian artillery Captain Moritz Meyer in which 
one chapter is devoted to colored fires, and listed several com- 
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positions which contain potassium chlorate. Meyer states, inci- 
dentally, that the English at that time used colored rockets for 
signaling at sea and were able to produce ten distinguishable 
shades. His descriptions of his compositions give one reason to 
suspect that he had had little experience with them himself. The 
first, a mixture of potassium chlorate and sugar, burns, he says, 
with a red light; but the color is actually a bluish white. 

A powder which burns with a green flame is obtained by 
the addition of nitrate of baryta to chlorate of potash, 
nitrate of potash, acetate of copper. A white flame is made 
by the addition of sulfide of antimony, sulfide of arsenic, 
camphor. Red by the mixture of lampblack, coal, bone ash, 
mineral oxide of iron, nitrate of strontia, pumice stone, mica, 
oxide of cobalt. Blue wdth ivory, bismuth, alum, zinc, copper 
sulfate purified of its sea water [sic ] . Yellow by amber, car- 
bonate of soda, sulfate of soda, cinnabar. It is necessary in 
order to make the colors come out well to animate the com- 
bustion by adding chlorate of potash. 

Although Meyer^s formulas are somewhat incoherent, they repre- 
sent a definite advance. Equally significant with the use of 
chlorate is his use of the nitrates of strontium and barium. 

The second German edition of Ruggieri ’s book (we have not 
seen the first) contains a Nachtrag or supplement which lists 
nine compositions, of w^hich four contain Kali oxym, or potas- 
sium chlorate. These are: (1) for red fire, strontium nitrate 24 
parts, sulfur 3, fine charcoal 1, and potassium chlorate 5; (2) for 
green fire, barium carbonate 20 parts, sulfur 5, and potassium 
chlorate 8 parts; (3) for green stars, barium carbonate 20 parts. 



sulfur 5, and potassium chlorate 9 parts; and (4) for red lances, 
strontium carbonate 24 parts, sulfur 4, charcoal 1, and potassium 
chlorate 4 parts. Ruggieri says: 

The most important factor in the preparation of these 
compositions is the fine grinding and careful mixing of the 
several materials. Only when this is done is a beautiful flame 
to be expected. And it is further to be noted that the potas- 
sium chlorate, which occurs in certain of the compositions, is 
to be wetted with spirit for the grinding in order to avoid 
an explosion. 
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The chlorate compositions recommended by Ruggieri would 
undoubtedly give good colors, but are not altogether safe and 
would probably explode if pounded into their cases. They could 
be loaded with safety in an hydraulic press, and would probably 
not explode if tamped carefully by hand. 

F. M. Chertier, whose book “Nouvelles recherches sur Jes feux 
d'artifice” was published at Paris in 1854, devotes most of his 
attention to the subject of color, so successfully that, although 
new materials have come into use since his time, Brock says that 
“there can be no doubt that Ghertier stands alone in the litera- 
toe of pyrotechny and as a pioneer in the modern development 
of the art.” Tessier, in his “Chimie pyrotechnique ou traite 
pratique des feux colores,” first edition, Paris, 1859, second edi- 
tion 1883, discusses the effect of individual chemicals upon the 
colors of flames and gives excellent formulas for chlorate and for 
non-chlorate compositions which correspond closely to present 
practice. He used sulfur in many but not in all of his chlorate 
mixtures. Pyrotechnists in France, with whom the present writer 
talked during the first World War, considered Tessier^s book at 
that time to be the best existing work on the subject of colored 
fires — and this in spite of the fact that its author knew nothing 
of the use of magnesium and aluminum. The spectroscopic study 
of the colors produced by pure chemicals, and of the colors &f 
pyrotechnic devices which are best suited for particular effects, is 
the latest of current developments. 

Chlorate mixtures which contain sulfur give brighter flames 
than those which lack it, and such mixtures are still used occa- 
sionally in spite of their dangerous properties. The present tend- 
ency, however, is toward chlorate mixtures which contain no 
sulfur, or toward potassium nitrate mixtures (for stars, etc.) 
which contain sulfur but no chlorate, or toward nitrates, such as 
those of strontium and barium, which supply both color for the 
flame and oxygen for the combustion and are used with mag- 
nesium or alumimun to impart brilliancy. Magnesium was first 
used for pyrotechnic purposes about 1865 and aluminum about 
1894, both of them for the production of dazzling white light. 
These metals were used in the compositions of colored airplane 
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flares during the first World War, but their use in the colored 
fires of general pyrotechny is largely a later development. 

Tessier introduced the use of cryolite (AlNaaF*) for the yel- 
low coloring of stars, lances, and Bengal lights. In his second 
edition he includes a chapter on the small pyrotechnic pieces 
which are known as Japanese fireworks, giving formulas for them, 
and another on the picrates, which he studied extensively. The 
picrates of sodium, potassium, and ammonium crystallize in the 
anhydrous condition. Those of barium, strontium, calcium, mag- 
nesium, zinc, iron, and copper are hygroscopic and contain con- 
siderable water of crystallization which makes them unfit for use 
in pyrotechnic compositions. Lead picrate, with 1 HaO, detonates 
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from fire and from shock, and its use in caps and primers was 
patented in France in 1872. Potassium and sodium picrate def- 
lagrate from flame, retaining that property when mixed with 
other substances. Ammonium picrate detonates from fire and 
from shock when in contact with potassium chlorate or lead 
nitrate, but in the absence of these substances it has the special 
advantage for colored fires that the mixtures give but little smoke 
and this without offensive odor. Tessier recommends ammonium 
picrate compositions for producing colored lights in the theater 
and in other places where smoke might be objectionable. “Indoor 
fireworks” have been displaced in the theater by electric lighting 
devices, but are still used for certain purposes. Tessier *s formulas, 
which are excellent, are described later in the section on picrate 
compositions. 

Colored Lights 

Colored light compositions are used in the form of a loose 
powder, or are tamped into paper tubes in torches for political 
parades, for highway warnings, and for railway and marine sig- 
nals, in Bengal lights, in airplane flares, and in lances for set 
pieces, or are prepared in the form of compact pellets as stars for 
Roman candles, rockets, and aerial bombs, or as stars to be shot 
from a special pistol for signaling. 

Colored fire compositions intended for burning in conical heaps 
or in trains are sometimes sold in paper bags but more commonly 
in boxes, usually cylindrical, of pasteboard, turned wood, or 
tinned iron. The mixtures are frequently burned in the boxes in 
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which they are sold. Compositions which contain no chlorate (or 
perchlorate) are the oldest, and are still used where the most 
brilliant colors are not necessary. 
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The chlorate compositions listed below, which contain no sulfur, 
bum rapidly with brilliant colors and have been recommended 
for indoor and theatrical uses. 



Potassium chlorate 
Potassium nitrate. . 
Strontium nitrate. . 
Barium nitrate . . . . 
Barium carbonate. 
Sodium oxalate. . . . 
Cane sugar 



White 


Red 


Yellow 


Green 


12 


1 


6 


2 


4 


4 ; 


6 


1 


1 




5 




4 






1 



Stearine 


1 




•• 1 




Shellac 
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The following are brilliant, somewhat slower burning, and 
suitable for outdoor use and general illumination. The smokes 
from the compositions which contain calomel and Paris green are 
poisonous. In mixing Paris green, care must be exercised not to 
inhale the dust. 
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Railway Fusees (Truck Signal Lights) 

Motor trucks are required by law to be equipped with red signal 
lights for use as a warning in case an accident causes them to 
be stopped on the road at night without the use of their electric 
lights. Similar lights are used for signaling on the railways. The 
obvious requirement is that the signal should bum conspicuously 
and for a long time. A. F. Clark recommends a mixture of : 

Parts 



Strontium nitrate (100 mesh) 132 

Potassium perchlorate (200 mesh) 15 

Prepared maple sawdust (20 mesh) 20 

Wood flour (200 mesh) 1 

Sulfur (200 mesh) 25 



The prepared maple sawdust is made by cooking with miner’s 
wax, 10 pounds of sawdust to 1 ounce of wax, in a steam- 
jacketed kettle. The mixture is tamped dry into a paper tube, 
Vs inch in external diameter, 1/32 inch w'all, and burns at the 
rate of about 1 inch per minute. The fusee is supplied at its base 
with a pointed piece of wood or iron for setting it up in the 
ground, and it bums best when set at an angle of about 45®. In 
order to insure certain ignition, the top of the charge is covered 
with a primer or starting fire, loaded while moistened with 
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alcohol, which consists of potassium chlorate 16 parts, barium 
chlorate 8, red gum (gum yacca) 4, and powdered charcoal 1. 
This is covered with a piece of paper on which is painted a 
scratch mixture similar to that which composes the head of 
a safety match. The top of the fusee is supplied with a cylindrical 
paper cap, the end of which is coated with a material similar to 
that with which the striking surface on the sides of a box of 
safety matches is coated. To light the fusee, the cap is removed 
and inverted, and its end or bottom is scratched against the mix- 
ture on the top of the fusee. 

Weingart recommends the first four of the following composi- 
tions for railway fusees; Faber reports the fifth. Weingart’s 
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mixtures are to be moistened with kerosene before they are 
tamped into the tubes. 
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Scratch Mixture 

Typical scratch mixtures are the pair: (A) potassium chlorate 
6, antimony sulfide 2, glue 1; and (B) powdered pyrolusite 
(Mn02) 8, red phosphorus 10, glue 3, recommended by Weingart; 
and the pair: (^) potassium chlorate 86, antimony sulfide 52, 
dextrin 35; and (B) red phosphorus 9, fine sand 5, dextrin 4, 
used with gum arabic as a binder, and recommended by A. F. 
Clark. 

Marine Signals 

Other interesting signal lights, reported by Faber, are as 
follows. 

Marine Flare Torch Pilot's Blue Light 
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Parade Torches 

Parade torches are made in various colors; they are of better 
quality than railway fusees, burn with a deeper color and a 
brighter light, and are generally made with more expensive com- 
positions. Below are a few typical examples. Parade torches are 
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equipped with w’ooden handles at the low’er ends, and are sealed 
at their upper ends wdth a piece of cloth or paper, pasted on, 
through which a hole has been punched into the composition to a 
depth of about 1 inch — and through this a piece of black match^^ 
The match, prepared by dipping a few strands of cotton twine, twisted 



together, into a paste of meal powder and allowing to dry while stretcheil 
on a frame, is called black match by the pyrotechnists. When this is en- 
closed in a paper tube, it bums almost instantaneously and is then known 
as quickmaich. Such qmckmatch is used for communicating fire in set 
pieces, Catherine wheels, etc. 

. ^ 

has been inserted and fixed in place by a blob of paste of meal 
pow’der with gum-arabic tvater. 

Aluminum and Magnesium Flares 
When barium and strontium nitrates are used in colored lights, 
these substances serve the twofold purpose of coloring the flame 
and of supplying oxygen for its maintenance. The materials wdiich 
combine with the oxygen to yield the flame, in the compositions 
wdiich have been described, have been sulfur and carbonaceous 
matter. If, now, part or all of these materials is substituted by 
magnesium or aluminum powder or flakes, the resulting composi- 
tion is one which burns with an intensely bright light, A mixture 
of potassium perchlorate 7 parts, mixed aluminum pow^der and 
flakes 5 parts, and powdered sulfur 2 parts burns wdth a brilliant 
light having a lilac cast. A balanced mixture of barium and 
strontium nitrates, that is, of green and red, gives a light w^hich is 
practically white. Such lights are used in parade torches and 
signals, but are so bright as to be trying to the eyes. They find 
important use in aviation for signaling and for illuminating land- 
ing fields and military objectives. 

Magnesium is attacked fairly rapidly by moisture, and pyro- 
technic mixtures containing this metal do not keep w’ell unless 
the particles of magnesium are first coated with a protecting 
layer of linseed oil or similar material. Aluminum does not have 
the same defect and is more widely used. An excellent magnesium 
light, suitable for illumination, is described in a patent recently 
granted to George J. Schladt. It consists of a mixture of 36 to 
40 per cent barium nitrate, 6 to 8 per cent strontium nitrate, 50 
to 54 per cent flake magnesium coated with linseed oil, and 1 to 4 
per cent of a mixture of linseed and castor oils. 

The airplane wing-tip flares w'hich were used for signaling 
during the first World War are good examples of aluminum 
compositions. They were loaded in cylindrical paper cases 4^4 
inches in length and 1% inches in internal diameter. The white 
light composition consisted of 77 parts of barium nitrate, 13 of 
flake aluminum, and 5 of sulfur intimately mixed and secured by 

a binder of shellac, and burned in the cases mentioned, for 1 
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minute with an illumination of 22,000 candlepow^er. The red light 
was made from 24 parts of strontium nitrate, 6 of flake aluminum, 
and 6 of sulfur with a shellac binder and burned for 1 minute 
with an illumination of 12,000 to 15,000 candlepower. The com- 
positions w^ere loaded into the cases by means of a pneumatic 
press, and filled them to within 5/16 inch of the top. The charge 
was then covered with a Vg-inch layer of starting fire or first fire 
compositioTij made from saltpeter 6 parts, sulfur 4, and charcoal 
1, dampened with a solution of shellac in alcohol, and this, when 
the device was used, w’as fired by an electric squib. 

Lances 

Lances are paper tubes, generally thin and of light construc- 
tion, say, Vi % inch in diameter and 2 to 3Vu inches long, 
filled with colored fire composition, loaded by tamping, not by 
ramming, and are used in set pieces, attached to wooden frame- 
w’orks, to outline the figure of a temple or palace, to represent a 




POOR MAN*S JAMES BOND Vol . 2 



353 



CHEMISTRY OF EXPLOSIVES 



ffag, to spell words, etc. AVhen set up, they are connected by 
quickmatch (black match in a paper tube) and are thus lighted 
as nearly simultaneously as may be. They are often charged in 
such manner as to bum with a succession of color, in which 
event the order of loading the various colors becomes important. 
Green should not be next to white, for there is not sufficient con- 
trast. And green should not bum after red, for the color of the 
barium flame appears to one who has been watching the flame of 
strontium to be a light and uninteresting blue. The order of 
loading (the reverse of the order of burning) is generally white, 
blue (or yellow or violet, green, red, white. In the tables on page 
70 a number of lance compositions are listed, illustrative of 
the various types and corresponding to considerable differences in 
cost of manufacture. 

Picrate Compositions 

Ammonium picrate is used in the so-called indoor fireworks 
which burn with but little smoke and without the production of 
objectionable odor. On page 71 some of the compositions recom- 
mended by Tessier for Bengal lights are tabulated. 
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White Potassium nitrate 33 5 ' 9 8 11 

Antimony sulfide 5 .. 2 .. 1 

Antimony metal 1 . . . . 3 

Realgar 1 

Sulfur 11 2 1 2 3 

Meal powder 2 1 

Red Potassium chlorate 10 6 36 

Strontium nitrate 54 

Strontium carbonate 3 2 

Sulfur 13 

Lampblack 2 

Shellac 2 . . 12 

Paraffin 1 

Yellow Potassium perchlorate 24 

Potassium chlorate 8 4 4 

Barium nitrate 1 . . 22 

Sodium oxalate 2 . . 8 

Sodium bicarbonate 2 

Cryolite 2 

Sulfur 4 .. 5 .. 

Lampblack 1 

Shellac 1 . . 3 

Green Potassium chlorate 7 

Barium nitrate 12 4 7 

Barium chlorate 9 5 .. 6 

Lampblack 1 

SheUac 10 1 2 1 

Blue Potassium perchlorate 16 

Potassium chlorate 32 5 

Copper oxychloride 2 

Paris green 6 10 

Calomel 1 6 

Shellac 1 .. 1 

Stearine 3 

Lilac Potassium chlorate 26 

Strontium sulfate 10 

Basic copper sulfate 6 

Lead nitrate 5 

Sulfur 4 

Shellac 1 

Stearine 1 

Violet Potassium chlorate 25 

Strontium sulfate 20 

Basic copper sulfate 1 

Sulfur 20 
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To be burned without compression, in the open, in trains or in 
heaps: 





Red 


Green 


Aurora 


Yellow 


White 


Ammonium picrate 


5 


10 


8 


5 


10 


20 


5 


Strontium nitrate 


25 


40 






31 


12 




Barium nitrate 






32 


25 




58 


30 


Cryolite 










3 


7 




Antimony metal 














5 


Lampblack 


1 


2 


1 




2 


4 


1 


Paraffin 


1 


1 


1 


1 

j 


1 


2 


1 



To be compressed in paper cartridges, 25-30 mm. internal di- 
ameter, to be burned in a horizontal position in order that the 
residue may not interfere with the burning: 





Red 


Green 


; Aurora 


Yellow 


White 


Ammonium picrate 


1 


20 


5 


5 


11 


20 


20 


24 


6 


5 


Strontium nitrate 


1 


60 








60 


10 


3 






Barium nitrate 






6 


28 


36 




60 


20 


4 


30 


Cryolite 












7 


7 


4 






flnrtri/lA 




7 


















Antimony metal 




















4 


Antimony sulfide 


















3 


1 


Lampblack 




4 




1 


1 


4 


4 






1 


Paraffin 




2 




1 


1 


2 


2 






1 



Picric acid added in small quantities to colors deepens them 
and increases their brilliancy without making them bum much 
faster. Stars containing picric acid ought not to be used in aerial 
shells, for they are likely to detonate either from the shock of 
setback or later from being ignited in a confined space. Mixtures 
which contain picric acid along with potassium chlorate or salts 
of heavy metals are liable to detonate from shock. 

AVeingart lists tw^o ‘^smokeless tableau” fires w^hich contain 
picric acid, as follows: 
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Red 


Green 




8 




Barium nitrate 


4 


Picric acid 


5 


2 


Charcoal 


2 


1 


Shellac 


1 









The picric acid is to be dissolved in boiling water, the strontium 
or barium nitrate added, the mixture stirred until cold, and the 
solid matter collected and dried. The same author gives picric 
acid compositions for stars, “not suitable for shells,” as follows: 





Red 


Green 


Strontium nitrate 


8 




Strontium carbonate . . 


3 




Barium chlorate 




12 


Potassium chlorate . . . 


4 10 


8 


Picric acid 


1.5 1.5 


2 


Calomel 




6 
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Shellac. 


1.5 


0.7S 


2 


Fine charcoal 


1 


1 




Lampblack. 






1.5 


Dextrin 


0.5 


0.75 


0.6 



Picrate Whistles 

An intimate mixture of finelj’' powdered dry potassium pier ate 
and potassium nitrate, in the proportion about 60/40, rammed 
tightly into paper, or better, bamboo tubes from ^ to % inch in 
diameter, burns with a loud whistling sound. The mixture is dan- 
gerous, exploding from shock, and cannot be used safely in aerial 
shells. Whistling rockets are made by attaching a tube of the 
mixture to the outside of the case in such manner that it burns, 
and whistles, during the flight^ — or by loading a small tube, say 
t/i inch in diameter and inches long, into the head of the 
rocket to produce a w^histie when the rocket bursts. The mixture 
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is used in whistling firecrackers, “musical salutes,” “whistling 
whizzers,'^ “whistling tornados,” etc. The effect of a whistle as 
an accompaniment to a change in the appearance of a burning 
wheel is amusing. Whistles are perhaps most effective w^hen six 
or eight of them, varying in size from the small to the large, are 
fired in series, the smallest caliber and the highest pitch being 
first. 

Non-Picrate Whistles 

Non-picrate whistles, made from a mixture of 1 part powdered 
gallic acid and 3 parts potassium chlorate, are considered to be 
safer than those which contain pi crate. The mixture is charged 
into a ^4nch case, 5/16 inch in internal diameter. The case is 
loaded on a 1-inch spindle, and the finished w^histle has a 1-inch 
length of empty tube which is necessary for the production of the 
sound. Whistles of this sort, with charges of a chlorate or 
perchlorate explosive at their ends, are used in “chasers,” 
“’whbzers,” etc., which scoot along the ground while whistling and 
finally explode with a loud report. 

Rockets 

The principle of the rocket and the details of its design were 
worked out at an early date. Improvements have been in the 
methods of manufacture and in the development of more brilliant 
and more spectacular devices to load in the rocket head for dis- 
play purposes. When rockets are made by hand, the present prac- 
tice is still very much like that w^bich is indicated by Figure 23. 
The paper casing is mounted on a spindle shaped to form the 
long conical cavity on the surface of W'liich the propelling charge 
will start to burn. The composition is rammed into the space sur- 
rounding the spindle by means of perforated ram rods or dnfU 
pounded by a mallet. The base of the rocket is no longer clioked 
by crimping, but is choked by a perforated plug of clay. The 
clay, dried from water and moistened lightly with crankcase oil, 
is pounded or pressed into place, and forms a hard and stable 
mass. The tubular paper cases of rockets, fferbsj^^ etc., are now 
often made by machinery, and the compositions are loaded into 
them automatically or semi -automatic ally and pressed by hy- 
draulic presses. 

Pronounced jurbs, 

John Bate and Hanzelet Lorrain understood that the heavier 
rockets require compositions which burn more slowly. 

It ia necessary to have compositions according to the 

greatness or the littleness of the rockets, for that w-hich is 



proper for the little ones is too violent for the large — because 
the fire, being lighted in a large tube, lights a composition of 
great amplitude, and burns a great quantify of material, 



FicmE 23. Rocket. Lorrom, 1630. Substantially as rocket? arc made today. 
After the propellinp charjjc has burned rompletHy and the rocket luiii 
reached the height of its flight, the fire reaches tJic charge in the head 
which bursts and throws out large and smull slars. and grass- 

hoppers, or English firecrackers. The contjiinor, which is loaded into the 
head of the rocket, is shown separately with ^veral grasshop|K?rs in the 
lower right-hand corner of the picture. 

and no geometric proportionality applies. HockcU intended 
to contain an ounce or an ounce and a half should have the 
following for their compositions. 

Take of fine powder (gunpowder) passed through a screen 
or very fine sieve four ounces, of soft charcoal one ounce, 
and mix them well together 

^ The charcoal makes the poivdcr hum more slowly, and pnxluccs a trail 
of sparks when the rocket is fired. 



Otherwise. Of powder sieved and screened as above one 
pound, of saltpeter one ounce and a half, of soft charcoal 
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Figure 24. Details of Conatniction of Rocket and of Other Pieces. Audot. 
1818- The rocket case,, alreafiy crimper! or constrict ed, is placed upon ihc 
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spindle (brochc) ; the first portion of the propeUmg charge is introduced 
and pounded firmly into place by means of a mallet and the longest of 
the drifU pictured in the upper right-hand comer; another portion of the 
charge ie introduced, a shorter drift is used for tamping it» and so on until 
the case is charged as shown at the extreme left. A tourbiLlion (table 
rocket or artichoke) and a mine charged with serpents of fire are also 
shown. 

one ounce and a half. It does not matter what charcoal it is; 
that of light wood is best^ particularly of wood of the vine. 

i^^or rockets weighing two ounces. Take of the above-said 
powder four ounces and a half, of saltpeter one ounce. 

Otherwise for the some weight Take powder two ounces, 
of soft charcoal half an ounce. 

Composition for rockets weighing from 4 to 8 ounces. 
Take powder as above seventeen ounces, of saltpeter four 
ounces, of i-oft charcoal four ounces, 
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Otherwise and very good. Of saltpeter ten ounces, of sul- 
fur one ounce, of powder three ounces and a half, of charcoal 
three ounces and a half. 

To make them go up more suddenly. Take of powder ten 
ounces, of saltpeter three ounces and a half, of sulfur one 
ounce, of charcoal three ounces and a half. 

For rockets weighing one pound. Take of powder one 
pound, of soft charcoal two ounces, and of sulfur one ounce. 

Otherwise. Of saltpeter one pound four ounces, of sulfur 
two ounces, of soft charcoal five ounces and a half. 

For rockets weighing three pounds. Of saltpeter 30 ounces, 
of charcoal 11 ounces, of sulfur 7 ounces and a half. 

For rockets weighing four, five, six, and seven pounds. Of 
soft charcoal ten pounds, of sulfur four pounds and a half, 
of saltpeter thirty one pounds. 

Present practice is illustrated by the specifications tabulated 
below for 1-ounce, 3-ounce, and 6-pound rockets as now manu- 
factured by an American fireworks company. The diameter of 







OtJNCB 


Ounce 


POUNTJ 


Size. 




1 


3 


a 




Saltpeter .... 


..... 3« 


35 


30 




Sulfur 


..... 6 


6 


5 


Compoeition of charge ' 


No. S charcoal. . . . 




5 


12 




No. 5 charooat 


..... 12 








Charcoal dust.* . . . 


7 


17 


12 






Inch 


Inas. 


Inch 


Length of caae 




.... 3 


4 1/4 


13 


Outfilde diameter 




,... 1/2 


11/16 


2 3/8 


Inside diameter 




. . . . 5/10 


7/16 


1 1/2 


Overall length of spindle. 


. . . . 23/4 


4 


12 3/4 


Length of taper ....... 




.... 21/2 


3 23/32 


12 


Choke diameter ....... 




.... 5/33 


1/4 


3/4 



the base of the spindle is, of course, the same as the inside diam- 
eter of the case. That of the hemispherical tip of the spindle is 
half the diameter of the choke, that is, half the diameter of the 
hole in the day plug at the base of the rocket. The clay rings 
and plugs, formed into position by high pressure, actually make 
grooves in the inner walls of the cases, and these grooves hold 
them in place against the pressures which arise when the rockets 
aye used. The propelling charge is loaded in several successive 
small portions by successive pressings with hydraulic presses 

which handle a gross of the 1 -ounce or 3-ounce rockets at a time 
but only three of the 6-pound size. The presses exert a total 
pressure of 0 tons on the three spindles w'ben the 6-pound rockets 
are being loaded. 

Rockets of the smaller sizes, for use as toys, are closed at the 
top with plugs of solid day and are supplied with conical paper 
caps. They produce the spectacle only of a trail of sparks streak- 



Fioum 25. Loading Rocketfi by Means of an HydrauUc Frees, 
ing skyward. Rockets are generally equipped with sticks to give 
them balance and direct their flight and are then fired from a 
trough or frame, but other rockets have recently come on the 
market which are equipped vrith vanes and are fired from a level 
surface while standing in a vertical position. 

Large exhibition rockets are equipped with heads which con- 
tain stars of various kinds (see below) , parachutes, crackers (see 
grasshoppers) , serpents (compare Figure 23) , and so on. In these, 
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the clay plug which stands at the top of the rocket case is 
perforated, and directly below it there is a heading of composi- 
tion w^hich bums more slowdy than the propelling charge. In a 
typical example this is made from a mixture of saltpeter 24 parts, 
sulfur 6, fine charcoal 4, willow charcoal dust and dextrin 2; 
it is loaded w'hile slightly moist, pressed, and allowed to dry 
before the head of the rocket is loaded. When the rocket reaches 
the top of its flight, the heading bums through, and its fire, by 
means of several strands of black' match ivhich have been in- 
serted in the perforation in the clay plug, passes into the head. 
The head is filled with a mixture, say, of gunpowder, Roman 
candle composition (see below) , and stars. When the fire reaches 
this mixture, the hcad'blows open with a shower of sparks, and 
the stars, w^hich have become ignited, fall through the air, pro- 
ducing their own specialized effects. 

In another example, the head may contain a charge of gun- 
powder and a silk or paper parachute carrying a flare or a fes- 
toon of lights or colored tunnklers, the arrangement being such 
that the powder blows the wooden head from the rocket, ejects 
the parachute, and sets fire to the display material 'which it car- 
ries. In order that the fire may not touch the parachute, the 
materials w'hich are to receive the fire (by match from the burst- 
ing charge) are packed softly in cotton wool and the remaining 
space is rammed with bran. 

The very beautiful liquid fire effect is produced by equipment 
which is fully assembled only at the moment when it is to be 
used. The perforation in the clay plug at the top of the rocket is 
filled with gunpow'dcr, and this is covered with a layer of water- 
proof cloth w^ell sealed, separating it from the space in the empty 
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head- When the piece is to be fired, the pyrotechnist, having at 
hand a can containing sticks of yellow phosphorus preserved 
under water, removes the wooden head from the rocket, empties 
the water from the can of phosphorus, and dumps the phosphorus, 
still wet, into the head case/replaces the wooden head, and fires. 
The explosion of the gunpowder at the top of the rocket's flight 
tears through the layer of waterproof cloth, ignites the phos- 
phorus, blows off the wooden head, and throws out the liquid fire. 
A similar effect, with a yellow light, is obtained with metallic 
sodium. 



Roman Candles 

Roman candles are repeating guns which shoot projectiles of 
colored fire and send out showers of glowing sparks between the 
shots. To the pyrotechnists of the seventeenth century they were 
known as “star pumps'' or “pumps with stars.*' 



FrauKE 20. Ramming Roman Candles. (Conrtefy National Fireworka 
Company.) 



For the manufacture of Roman candles, gunpowder and stars 
and a modified black powder mixture which is known as Roman 
candle composition, or candle compj are necessary. The candle 
comp is made from: 

Partcs 



SaJtpeter 34 (200 mesh) 

Sulfur 7 (200 mesh) 

No. 4 Charroal (hardivcxxi) 15 (about 24 meeh) 

No. 3 Charcoal (hardwood) 3 (about 16 mesh) 

No. 2 Charcoal (hardwood) 3 (about 12 mesh) 

Dextrin I 
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The materialfl are mixed thoroughly, then moistened slightly and 
rubbed for intimate mixture through a 10-mesh sieve, dried 
quickly in shallow trays, and sifted through a 10-mesh sieve. 
Candle comp bums more slowly than black powder and gives 
luminous sparks. The case is a long, narrow, strong tube of paper 
plugged at the bottom with clay. Next to the clay is a small 
quantity of gunpow^der (4F) ; on top of this is a starj and on 
top of this a layer of candle comp. The star is of such size that 
it does not fit the tube tightly. It rests upon the gunpowder, and 



Stars 

Stars are pellets of combustible material. Those which contain 
neither aluminum nor magnesium nor Paris green have nothing 
in their appearance to suggest even remotely the magic which is 
in them. They are, however, the principal cause of the beauty of 
aerial pyrotechnic displays. 

The components of star composition are mixed intimately and 
dampened uniformly with some solution which contains a binder, 
perhaps with gum-arabic water, perhaps with water alone if the 
composition contains dextrin, perhaps with alcohol if it contains 
shellac. Several different methods are used for forming the stars. 

To make cut stars, the damp mixture is spread out in a shallow 
pan, pressed down evenl}’^, cut into cubes, say % to % inch on 
the side, allowed to dry, and broken apart. Because of their 
comers, cut stars take fire very readily and are well suited for 
use in rockets and sniall aerial bombshells. Cylindrical stars are 
preferred for Roman candles. 

For the preparation of a small number of stars, a star pump is 
a convenient instrument. This consists of a brass tube with a 
plunger which slides within it. The plunger lias a handle and, on 
its side, a peg which works within a slot in the side of the tube — 
in such manner that it may be fixed in position to leave at the 
open end of the tube a space equal to the size of the star which 
it is desired to make. This space is then tightly packed wuth the 
damp mixture; the plunger is turned so that the peg may move 
through the longitudinal slot, and the handle is pushed to eject 
the star. 

For large-scale production, a star plate or star mold aesembly 




the space between the star and the w’all of the tube is partly filled 
with candle comp. When the three materials have been intro- 
duced, they are rammed tightly into place. Then gunpowder, a 
star, and candle comp again arc loaded into the tube and rammed 
down, and so on until the tube is charged. Damp candle comp, 
with a piece of black match leading to it and into it, is loaded at 
the top, pressed tightly into place, and allowed to dry. When a 
Roman candle is lighted, the candle comp begins to bum and to 
throw out a fountain of sparks. The fire soon reaches the star, 
ignites it, and flashes along tlie side of the star to light the gun- 
powder w^hich blows the burning star, like a projectile, out of the 
tube. 
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is best* This consists of three flat rectangular plates of hard wood 
or metal, preferably aluminum* One has a perfectly smooth sur- 
face. The second, which rests upon this, has many circular holes 
of the size of the stars which are desired* The damp mixture is 
dumped upon this plate, rubbed, pressed, and packed into the 
holes, and the surface of the plate is tlicn wiped clean. The third 




FiQORa 2S. A Star Plate or Star Board in Use. (Courtesy National Fire- 
works Company.) 



plate is supplied with pegs, corresponding in number and position 
to the liol^ of the second plate, the pegs being slightly narrower 
than the holes and slightly longer than their depth. The second 
plate is now placed above a tray into w'hich the stars may fall, 
and the stars are pushed out by putting the pegged plate upon 
it* In ceitain conditions it may be possible to dispense with the 
pegged plate and to push out the stars by means of a roller of soft 
crepe rubber. 

Box stars are less likely to crumble from shock, and are ac- 
cordingly used in large aerial bombshells* They are also used for 

festoons and for other aerial tableaux effects. Short pieces of 
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4-ply manila paper tubing, say % inch long and inch in 
diameter, are taken; pieces of black match long enough to pro- 
trude from both ends of the tubes are inserted and held in this 
position by the fingers while the tubes arc pressed full of the 
damp composition. Box stars require a longer drying than those 
which are not covered. 

White stars, except some of those which contain aluminum, are 
generally made wdth potassium nitrate as the oxidiaing agent. 
Various white star corapositiona are tabulated below. The last 
three are for white electric stars. The last formula, containing 
perchlorate, was communicated by Allen F. Clark. 



Potfl£siuTii nitrate * * 70 

Potassium perchlorate 

Bfljjum nitrate 

Aluminum * * * 

Antimony sulfide * 20 



Antimony metal. * * * « . 

Zinc dust 

Realgar * 

Meal powder. 

Sulfur.,* - 20 

Charcoal dust. * * » - 

Dextrin * — 3 

Shellac . . 



28 


ISO 


20 


42 


14 


2S 


* 4 














30 






P ■ 






* . 


5 




m 4 


» # 




3 


5 


22 




10 






3 


7 




6 


40 












■ * 


. s 




6 












6 


6 




* * 




« A 






12 


6 


3 




8 


50 


e 


23 


t * 


8 




. * 


3 








* 4 




1 


6 


1 




1 


1 












* * 


* « 


3 



Stars which contain aluminum are known as electric stars be- 
cause of the dasKling brilliancy of their light, which resembles 
that of an electric arc. Stars which contain chlorate and sulfur 
or antimony sulfide or arsenic sulfide or picric acid are dan- 
gerous to mix, likely to explode if subjected to too sudden shock, 
and unsafe for use in shells. They are used in rockets and Roman 
candles. Perchlorate compositions, and chlorate compositions 
without sulfur, sulfides, and picric acid, will tolerate considerable 
shock and are used in aerial bombshells* 

The following star compositions which contain both chlorate 
and sulfur arc among those recommended by Tessier. Mixtures 
which contain chlorate and sulfur have a tendency to "'sour^' 

with the production of sulfuric acid after they have been wetted, 
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and to deteriorate, but the difficulty may be remedied by the 
addition of an anti-acid, and some of these compositions do in- 




deed contain carbonates or basic salts 'which act in that capacity. 
Tessier recommends that the mixtures be made up while damp- 
ened with small quantities of 35 per cent alcohol. 

















Potasaium chlorate ....*.. 

Strontmm carbonate 

Strontium sulfate* ....... 


Red 


I4lac 


Lilac Mauve 


Violet 


Blue 


Green 


167 

54 


17 

@ 


17 

9 


56 

16 


24 


48 


Barium nitrate . . * 


35 

7 


*■ 

2 

'l 1 

7 ' 
1 
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Copper oxychloride ...... 

Baaic copper sulfate* ..... 

chloride t - 


'4 

1 

7 

1 


S 

3 


12 

2 


1 ’ ’ 

10 


Charcoal dust (poplar) . . * 
Sulfur. 4 

Dextrin . 


3 

20 

3 


8 

1 


i 

26 

3 


Shellac 

Lampblack 


16 










2 

2 



Weingart reports compositions for cut, pumped, or candle 
etare which contain chlorate but no sulfur or sulfides, as follows l 





I Red 

1 


Blue 


Green 


Yellow 


Pota^ium chlorate 


.. 


48 


48 


12 


32 


16 
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. 2 



Strontium nitrate 


12 












Strontium carbonate 




8 




, , 






liorium nitrate 




. . 


16 


12 


12 




Paris green 




, , 


18 


. , 






Calomel 




. , 


. . 


1 


. . 




Sodium oxalate 








. , 


2 


7 


Fine charcoal 


4 


' 8 




4 


8 


1 


Dextrin 


1 


3 


3 


1 


3 


1 


Shellac 


2 


6 


10 


2 


6 


3 



For the following perchlorate star formulas the author is in- 
debted to Allen F. Clark. 





Rose 


Amber 


Green 


Violet 


Potassium perchlorate 


12 


10 




44 


12 


41 


Potassium nitrate 


6 






. . 


, . 


. . 


Barium perchlorate 






32 


90 






Calcium carbonate 












12 


Strontium oxalate 


1 








9 


3 


Copper oxalate 










5 




Sodium oxalate 




4 










Calomel 


. . 










3 


Sulfur 












14 


Lampblack 


1 












Dextrin 


1 






6 






Shellac 




2 


3 


15 


3 





Illustrative of electric star compositions are the following; 
those which contain potassium chlorate are reported by Faber, 
the others, containing perchlorate, were communicated by Allen 
F. Clark. The last-named authority has also supplied two for- 
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Red 


Gold 


Green 


Blue 


Potassium perchlorate 




12 








6 




14 


Potassium chlorate 


24 


6 


8 




Z2 


Barium perchlorate 




12 


12 




Barium chlorate 






4 


16 










Barium nitrate 








16 










Strontium chlorate 




3 












Strontium carbonate 


4 
















Aluminum 


8 


3 


4 


12 


5 


8 


8 




Sodium oxalate 


2 






Calcium carbonate 

Magnesium carbonate 

Paris green 






1 








16 


1 

10 

2 


Calomel 














Fine diarooal 


1 






3 










Dextrin 


2 


1 




2 




1 


2 


1 


Red gum 






4 








Shellac 


2 


1 


2 




1 


2 


1 


2 



















Amber 


Green 


Potassium perchlorate 


4 




Barium perchlorate 




12 


Magnesium 


1 


2 


Sodium oxalate 


2 




Lycopodium powder 




1 


Shellac 


1 


2 



mulas for magnesium stars. The compositions are mixed while 
dampened with alcohol which insures that the particles of mag- 
nesium are covered with a protective layer of shellac. 

Lampblack stars burn with a rather dull soft light. Discharged 
in large number from a rocket or aerial shell, they produce 
the beautiful willow-tree effect. They are made, according to 
Alien F. Clark, by incorporating 3 pounds of lampblack, 4 pounds 
of meal powder, and pound of finely powdered antimony 
sulfide with 2 ounces of shellac dissolved in alcohol. 

Stars compounded out of what is essentially a modified black 

powder mixture, given a yellowish or whitish color by the addi- 
tion of appropriate materials, and used in rockets and shells in 
the same manner as lampblack stars, produce gold and silver 
showers t or, if the stars are larger and fewer in number, gold and 
silver streamers. The following formulas are typical. 





Gold 


Silver 


Potassium nitrate 


16 


10 


Charcoal 


1 


2 


Sulfur : 


4 


3 


Realgar 




3 


Sodium oxalate 


8 




Red gum 


1 


1 



Twinklers are stars which, when they fall through the air, bum 
brightly and dully by turns. A shower of twinklers produces an 
extraordinary effect, Weingart in a recent letter has kindly sent 
the following formula for yellow twinklers: 



Meal powder 24 

Sodium oxalate 4 

Antimony sulfide 3 

Powdered aluminum 3 

Dextrin 1 



The materials are mixed intimately while dampened with water, 
and the mixture is pumped into stars about % inch in diameter 
and % inch long. The stars are dried promptly. They function 
only when falling through the air. If lighted on the ground they 
merely smolder, but when fired from rockets or shells are most 
effective. 

Spreader stars contain nearly two-thirds of their weight of 
powdered zinc. The remaining one-third consists of material 
necessary to maintain an active combustion. When they are 
ignited, these stars burn brightly and throw off masses of burn- 
ing zinc (greenish white flame) often to a distance of several feet. 
Weingart gives the two following formulas for spreader stars, 
the first for '^electric spreader stars,” the second for ‘‘granite 
stars,” so called because of their appearance. 

Zineduat 72 80 

Potaaaium nitrate 28 

Potassium chlorate 15 

Potassium dichromate 12 

Granulated charcoal 12 

Fine charcoal 14 

Sulfur , 5 

Dextrin 2 2 

The first of these formulas is the more difficult to mix and the 
more expensive. All its components except the charcoal are firet 
mixed and dampened ; the granulated charcoal, which must be 
free from dust, is then mixed in, and the stars are formed with 
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Figure 30. Spreader Stars from a Battery of Rocket*, 
a pump. They throw off o kinds of fire when they burn, masses 
of brightly burning zinc and particles of glowing charcoal. Wein- 
gart rcfommetids that the second formula be made into cut stars 
% inch on tiie side. Spreader stars because of the zinc which they 
contain are much heavier than other stars. Rockets and aerial 
bombs cannot cany as many of them. 

Gerbs 

Gerbs produce jets of ornamental and brilliant fire and are 
used in set pieces. They are rammed or pressed like rockets, on a 
short nipple instead of a long spindle, and have only a slight 
depression within the choke, not a long central cavity. They are 
choked to about one-third the diameter of the tube. The simplest 
gerbs contain only a modified black powder mixture, say meal 
powder 4 parts, saltpeter 2, sulfur 1, and charcoal dust 1 or 
mixed charcoal 2; and are usea occasionally for contrast in 
elaborate set pieces. Similar composition is used for the starting 
fire of steel gerbs which are more difficult to ignite. If antimony 
sulfide is used in place of charcoal, as in the mixtures: 



Meal powder 2 3 

Saltpeter 8 8 

Sulfur 3 4 

Antimony sulfide I 7 



the gerbs yield compact whitish flames and are used in star and 
floral designs. Gold gerbs appropriately arranged produce the 
sunburst effect. Colored gerbs are made by adding small cut 
stars. In loading the tube, a scoopful of composition is introduced 





Steel 


Colored 

Steel 


Gold 


Coloruii 

Gold 


powder 
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4 


8 


40 


40 


nitrate 


2 




7 






Sulfur 
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Fine charcoal ..... 


1 


1 


2 






Steel filihga * , 


1 


2 


5 






Stara 




5 
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Sodium oxalate 








a 


6 


Antiiuony aulfide 








8 


9 


Aluminum 

Oextrin * 








4 


4 








1 







and rammed down, then a few stars, then more composition 
which is rammed down, and so on. Care must be exercised that 
no stars containing chlorate are used with compositions which 
contain sulfur, for an explosion might occur when the charge is 
rammed. The following compositions are typical. The steel filings 
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must be protected from rusting by previous treatment with 
parafim or linseed oil. 

Prisfnatic fountaim, fLoral bouquets, etc., are essentially col- 
ored gerbs. Flower pots are supplied with w^ooden handles and 
generally contain a modified black powder composition with 
lampblack and sometimes with a email amount of granulated 
black powder. In the charging of fountains and gerbs, a small 
charge of gunpowder is often introduced first, next to the clay 
plug which closes the bottom of the tube and before the first 
scoop ful of composition which is rammed or pressed. This makes 
them finish with a report or bounce. 

Fountains 

Fountains are designed to stand upon the ground, either upon 
a flat base or upon a pointed wooden stick. They are choked 
slightly more than gerbs, and have heavier, stronger cases to 
withstand the greater pressures which eject the fire to greater 
distances. 

The Giant Steel Fountain" of Allen F. Clark is charged with 
a mixture of saltpeter 5 parts (200 mesh), cast-iron turnings 1 
part (8 to 40 mesh) , and red gum 1 part (180 to 200 mesh) . For 
loading, the mixture is dampened with 50 per cent alcohol. The 
case is a strong paper tube, 20 inches long, 4 inches in external 
diameter, with walls 1 inch thick, made from Bird's hardware 
paper. It is rolled on a machine lathe, the paper being passed 
first through a heavy solution of dextrin and the excess of the 
gum scraped off. The bottom of the case is closed with a 3 -inch 
plug of day. The composition will stand tremendous pressures 
without exploding, and it is loaded very solidly in order that it 
may stay in place when the piece is burned. The charge is 
rammed in with a w'ooden rammer actuated by short blow's, as 
heavy as the case wdll stand, from a 15-pound sledge. The top 
is closed with a 3-incb clay plug. A y$-inch hole is then bored 
with an auger in the center of the top, and the hole is continued 
into the charge to a total depth of 10 inches. The composition is 
difficult to light, but the ignition is accomplished by a bundle 
of six strands of black match inserted to the full depth of the 
cavity and tied into place. This artifice produces a column of 
scintillating fire, 100 feet or more in height, of the general shape 
of a red cedar tree. It develops considerable sound, and ends sud- 

91 , . . 

denly with a terrifying roar at the moment of its maximum 
splendor. If loaded at the hydraulic press with a tapered spindle 
(as is necessary), it finishes its burning wuth a fountain which 
grows smaller and smaller and finally fades out entirely* 

Wheels 

Driving tubes or drivers, attached to the periphery of a wheel 
or to the sides of a square or hexagon of wood which is pivoted 
at its center, by shooting out jets of fire, cause the device to 
rotate and to produce various ornamental effects according to the 
compositions with which they are loaded. When the fire reaches 
the bottom of one driver, it is carried by quiekmatch to the top 
of the next. Drivers are loaded in the same manner as gerbs, the 
compositions being varied slightly according to the size as is 
done with rockets. A gross of the 1-ounre and 2-ounce sizes in 
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Fwuhe 31. Matching Wheels. 



jvrDsent American practice is loaded atonetitneby the hydraulic 
press. Typical tvheel turning compositions (Allen F, Clark) for 
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use in 1 -ounce and 2 -ounce drivers are reported below, the first 
for a charcoal spark effect, the second for an iron and steel effect 
The speed of the mixtures may be increased by increasing the 
proportion of gunpow'der. 



Saltpeter {210 mesh) iO 4h 

Sulfur (200 mesh) 2 19 

Mesi powder (i 

CharccMil dust 16 

Charcoal (80 mesh) 1 

6P gunpowder 6 

7F gunpowder 24 

Cast-iron turnings {16 mesh) 30 

Dextrin . . S 



Wheels, gerbs, and colored fires arc the parts out of which £uth 
display pieces as the “Corona Cluster/' “Sparkling Caprice,” 
“Flying Dutchman,” “Morning Glory/' “Cuban Dragon,” “Bias- 
ing Sun/* and innumerable others are constructed, 

Saxons 

Saxons are strong paper tubes, plugged w’ith clay at their mid- 
dles and at both ends, and filled between the plugs with com- 
position similar to that used in drivers, A lateral hole is bored 
through the middle of the tube and through the central clay plug, 
and it is around a nail, passed through this hole and driven into 
a convenient support, that the artifice rotates. Other holea, at 
right angles to this one, arc bored from opposite sides near the 
ends of the tube, just under the end plugs, through one wall of 
the tube and into the composition but not through it. A piece of 
black match in one of these holes ignites the composition. The 
hot gases, sparks, etc., rushing from the hole cause the device 
to turn upon its pivot. When the fire reaches the bottom of the 
charge, it lights a piece of quickmatch, previously connected 
through a hole at that point and glued to the outside of the 
case, which carries the fire to the other lialf of the saxon. 

Saxons are generally matched as described, the two halves 
burning consecutively and rotating it in the same direction. 
Sometimes they burn simultaneously, and sometimes one half 
turns it in gme direction and the other afterwards “causes the 
rapid spinning to reverse amid a mad burst of sparks.*' This 



effect “is very pleasing and is considered one of the best to be 
obtained for so small an expenditure.” 

Pin wheels 

To make pinwheels, manila or kraft paper tubes or pipes, 
about 12 inches long and 3/16 inch in diameter, are needed. One 
end is closed by twisting or folding oven The tubes are filled with 
composition, the other ends are closed in the same way, and the 
tubes arc wrapjied in a moist towel and set aside until they arc 
thoroughly flabby. In this condition they are passed between 
rollers and flattened to the desired extent Each tube is tlveiv 
wound in an even spiral around the edge of a cardboard di^^c 
W'hich has a hole in its center for the pin, and the whole is 
placed in a frame which prevents it from uncoiling. Four drops 
of glue, at the four quarters of the circle, are tixen brushed on, 
across tlie pipes and onto the center disc, and the device is al- 
lowed to dry. 

Weingart recommends for pinwheels the compositions which 
are indicated below. The first of these produces both steel and 

MeflJ powdcj' 10 8 2 

Gunpowder (fine) 8 5 8 

Aluinmum . 3 

Saltpeter 14 4 16 1 

Sted filings 6 6 

Sulfur 4 13 1 

Charcoal 3 1 8 

charcoal effects, the second steel with much less of the charcoal, 
the third aluminum and charcoal, and the fourth a circle merely 
of lilac-colored fire. 

Tessier thought highly of pinwheels {pastfiies) . They were, he 
says, 

formerly among the artifices which were called fobic firc- 
worksj the use of which has wholly fallen away since the 
immense apartments have disappeared wdiich alone provided 
places wlierc these little pyrotechnic pieces might be burned 
w'ithout too much inconvenience. 

The manner of use of these pastilles calls only for small 
calibei's; also their small dimensions make it possible to turn 
them out at a low" price, and the fireworks makers have 
always contimied to make them the object of current manu- 
facture. But w'hat they have neglected, they still neglect: 
and that is, to seek to bring tfiem to perfection. Those that 







32, Pinwhedrt, TesRier, 1SS3, Wheels ivhich diow an inner circle 
of colored fire, Plate I f below) pictures pinwheels which are intended to 
be sold as completely eonsvimabie. The jn^tniment represented at the 
bottam of the plate is the uimrod for tampinf; the charges in the pipes. 
Plate 2 (abo^'e) represents pinwhecljg which are intended to be exhibited by 
the pyrotechnist himself: the wooden parts are to be recovered and used 
again. 
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they confine themselves to making serve only for the amuse- 
ment of children* 



However, pastilles may become charming pieces of fire- 
works^ fit to refresh all eyes. They can be made to produce 
truly marvellous effects, considering the conditions imposed 
by their size, effects all the more remarkable in as much as, 
by the very reason of these same conditions, they have no 
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need of a vast theater in which to be fired. The least little 
garden suffices for them. They bum under the very eye of 
the spectator, who loses nothing of their splendor, whereas, 
in general, large pieces of firew'orka can be enjoyed only at 
a distance from the place of firing. Finally, they have over 
these last the advantage of their low price and the advan- 
tage that they can be transported without embarrassment 
and set in place at the moment of being fired* 

Tessier describes ordinary pastilles, diamond pastilles, and 
pastilles with colored fires. The shorter and more central tubes 
(Figure 32), wound part way around discs 40 mm* in diameter, 
hold the colored fire compositions. The longer tubes, forming the 
larger circles around discs 72 mm. in diameter, are the turning 
tubes. The latter, it will be seen, are so arranged that they burn 
for a time before the fire reaches the colored compositions* ''The 
charging of the tubes is commenced, up to a height of about 17 
cms., with the four compositions, Nos. 142, 126, 128, and 129, in 
the order named* The rest of the tube is charged entirely wdtli 
composition No* 149j or with No. 152, both of w'hich produce 
scintillating aureoles.” The charges are tamped tightly in the 
tubes by means of a long, thin ramrod and mallet. The com- 
positions in questiori, designated by Tessicr's own numbers, are 
indicated below* 
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Plumbic powder No* 1 , 










17 
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Cast-iron filings 










3 




Steel wool . . * . . 










! " 


3 



Nir. 142 is a composition for ordinary pastilles. Tessier says 
that it produces "numerous sparks forming a feeble aureole. As 
this composition is not lively, and as it is not able to make the 
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pastilles turn conveniently, care is taken not to load more of 
it than a length of 15 mm, in the tube*” 

Nos. 126, 128, and 129 are also for ordinary pastilles* No, 126 



'^has not much force; it is incapable alone of making a pastille 
turn with the necessary rapidity. Hence care is taken in charg- 
ing it to introduce only a small quantity into the tube.” It burns 
with a white flame "forming a crown, more or less lacy-edged, 
from which rays and sparks are thrown out.” 

The two compositions. Nos* 142 and 126, evidently burn while 
the pastille is turning from the initial twirl given it by the hand. 
When the fire reaches the next composition, No* 128, the pastille 
accelerates by its owm power. This gives "reddish rays, very 
straight and very numerous,” and No. 129 gives "a white flame 
around the disc, and numerous and persistent sparks which fall 
down forming a sort of cascade on each side of the pastille.” 

Neither No, 128 nor 129 is bright enough to make much of 
a show if the colored fire is also burning. When they bum to an 
end, the fire is communicated to the colored composition; at the 
same time the bright diamond composition, either No. 149 or 152, 
commences to bum. No* 149 produces "a splendid aureole of 
silver-white flowers* These flowers are less developed than those 
produced by steel wool and make a different effect from the 
latter.” No. 152 produces a “splendid effect — no inflamed disc, 
no reddish sparks — numerous jasmine flowers of all dimensions 
forming a vast aureole of a striking white.” 

Plumbic powder No. 1 is made from lead nitrate 12 parts, 
potassium nitrate 2 parts, and black alder charcoal 3 parts. 
The materials are poivdered and mixed, and then rolled in a 
wooden ball-mill with balls of hard lead (Pb 5, Sb 1) or brass or 
bronze* 

Tessier gives credit to the earlier French pyrotechnist, Cher- 
tier, for the introduction into pyrotechny of lead nitrate (which 
had been used before his time only for the preparation of slow- 
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match or fire wick), for the invention of plumbic powder by 
which a silver show’er (pluie d^argent) is produced, and for orig- 
inating the idea of the diamond pastille with colored fires w^hich 
Chertier called the dahlia pastille but for the making of which 
lie did not give precise directions. 

Mines 

Mines are paper mortars — commonly strong paper tubes each 
standing vertically on a wooden base into which it is countersunk 
and glued- — arranged to throw into the air a display of stars, 
serj>ents, etc. They am often equipped witli fountains, Roman 
candles, etc., w'hich make a display on the ground before the 
final explosion occurs. 

A serpent mine (pot d jeu) is represented in Figure 24. This 
starts with a steel fountain. When the fire lias reached the bot- 
tom of the fountain, it is carried hy quickmalch to a charge of 
gunpowder in the jjaper bag, o. Immediately above the paper 
hag are the serpents* These are small paper tubes, rammed with 
a mixture of meal powder, gunpowder, saltiieter, sulfur, and 
mixed cliarcoal, crim])cd or plugged witli clay at one end, sup- 
plied with match (as in tiie diagram) or meivly left open-ended 
at the other. The lower, matched or open, ends of the seipents 
take fiiv from tlie burning of the gunpowder, which also blows 
them into the air where they dart and squirm about like little 
tailless rockets leaving a trail of sparks. In Audols diagram, 
directly below the fountain and ab^ve the closed ends of the 
serpents, is a mass of wadihng. This tends to offer a slight re- 
sistance to the force of tlie gunpowder, with tlie result that the 
serpents receive tlie fire more surely and are shot farther into 
the air before tliey begin to go their several ways. 





POOR MAN’S JAMES BOND Vol . 2 



362 



CHEMISTRY OF EXPLOSIVES 



Saucissons arc constructed in the same way as serpents, but 
arc larger, and have, next to the closed end, a small charge of 
gunpowder whicli makes them end with a bang. They are used 
in mines and in rockets. 

Mines wliich discliarge serpents, stars, English crackers, etc., 
are often made by loading these materials into the same paper 
bags which contain the blowing charges of granulated gun- 
powder. About two level teaspoon^uls of blowing powder is used 

per ounce of stars. For making the bags, a board is taken which 
has had holes bored into it slightly smaller than the internal 
diameter of the mine case and of a depth suited to the caliber of 
the mine. A disc of tissue paper is placed over a hole and then 
punched dowm into it by a w^ooden punch or rod with slightly 
rounded edges which fits rather loosely in the hole. This makes 
a paper cup into which one end of the fuse is inserted, and 
around it the stars and blowing charge. The edges of the paper 
cup are then gathered together and tied with string or wire. 

Mines are often made up with a single Roman candle, lacking 
the plug of clay at the bottom, mounted in the center of the 
mine case. The fuse leading from the charge in the paj>er bag 
is thrust into the bottom of the Roman candle. A mine wdth a 
large and short case, carrying a charge of tailed stars, serpents, 
and English crackers, and having one Roman candle in its center 
and four others, matched to bum simultaneously, attached to the 
outside of the case, is knowm as a devil among the tailors. 

Comets and Meteors 

These are virtually mines which shoot a single large star. A 
pumped star 1% inches in diameter is fired, for example, from 
a tube or mortar 10 inches long and 1% inches in internal diam* 
eter. A piece of quickmatch (wTapped black match) about 6 
inches longer than the mortar is taken; an inch of black match 
is made bare at one end, bent at right angles, and laid against 
the base of the star; and the star, wdth the quickmatch lying 
along its side, is then enclosed in the middle of a paper cylinder 
by wrapping a strip, say 4 inches wide, of pasted tissue paper 
around it. A half teaspoonful of granulated black powder is put 
into the cup thus formed on the (bottom) side of the star where 
the black match has been exposed, and the edges of the paper 
cylinder are brought together over it and tied. The other (upper) 
end of the paper cylinder is similarly tied around the quick- 
match. In using this piece, and in using all others which are 
lighted by quickmatch, care must be taken that a few inches 
of the quickmatch have been opened and the black match exposed, 
before the fire is set to it; otherwise it wdll be impossible to get 
aw’ay quickly enough. This, of course, is already done in pieces 
which are offered for public sale. 

Comets bum with a charcoal or lampblack effect, meteors with 
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Comets 


Green Meteor 


Potassium nitrate 


6 






Barium perchlorate 






4 


Barium nitrate 
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Meal powder 


6 
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Sulfur 


1 






Fine charcoal 


3 
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Antimony sulfide 


3 


1 




Lampblack 

Aluminum 




2 


1 


Dextrin 






1 



an electric one. The two comet star compositions given below are 
due to Weingart; that of the green meteor to Allen F. Clark. 

Some manufacturers apply the name of meteors to artifices 
which are essentially large Roman candies, mounted on wooden 
bases and shooting four, six, eight, and ten stars 1% inches in 
diameter. They are loaded in the same way as Roman candles 
except that a special device is used to insure the certain ignition 
of the stars. Tw'o pieces of black match at right angles to each 
other are placed under the bottom of the star ; the four ends are 
turned up along the sides of the star and are cut off even with 
the top of it. The match being held in this position, the star is 
inserted into the top of the case and pushed down with a ram- 
mer onto the propelling charge of gunpow’der w’hich has already 
been introduced. Then coarse candle comp is put in, then gun- 
powder, then another star in the same manner, and so on. The 
black match at the side of the star keeps a space open between 
the star and the w’alls of the tube, which space is only partly or 
loosely filled wuth candle comp. The black match acts as a quick- 
match, insuring the early ignition of the propelling charge as 
well as the sure ignition of the star. Electric stars, spreader stars, 
and splitters are used in meteors. Splitter stars are made from 
the same composition as snow'ball sparklers (see below); the 
composition for stars, however, is moistened with much less water 
than for sparklers. They split into bright fragments while shoot- 
ing upward and burst at the top to produce a palm-tree effect. 
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Bombshells 

Bombshells are shot from mortars by means of a charge of 
black powder and burst high in the air with the production of 
reports, flashes, showers, and othei* spectacular effects. The 
smaller ones are shot from paper mortars; the larger, most com- 
monly from mortars of iron. In the past they have often been 
made in a spherical shape, wood or paper or metal hemispheres 
pasted heavily over with paper, but now in this country they 
are made almost exclusively in the form of cylinders. For the 
same caliber, cylindrical bombshells will hold more stars or 
other display material than spherical ones, and it is much easier 
to contrive them in a manner to procure multiple bursts. The 
materials of construction are paper, paste, and string. The shells 
are supplied with Roman iuses timed to cause them to burst at 
the top of their flight. The success and safety of bombshells de- 
pend upon carefully constructed fuses. 

Roman fuses are made by pounding the fuse powder as firmly 
as is possible into hard, strong, tightly rolled paper tubes. These 
are commonly made from Bird’s hardware paper, pasted all over 
before it is rolled, and are dried carefully and thoroughly before 
they are loaded with ramrod and mallet. ''When a number of 
these cases are rolled,” says Weingart, "they must be dried in 
the shade until they are as hard as wood and rattle when struck 
together.” He recommends the first of the following-listed com- 
positions, the Vergnauds the others: 



Potassium nitrate 2 4 2 

Sulfur 1 2 1 

Meal powder 4 6 3 

Antimony sulfide 1 



The length of the column of composition determines the duration 
of the burning. The composition in the fuse must be as hard and 
as firmly packed as possible; otherwise it will blow through into 
the shell when in use and will cause a premature explosion. 
Some manufacturers load the tubes and cut them afterwards with 
a fine-tooth hack saw. Others prefer to cut them to* the desired 
lengths with a sharp knife while they are prevented from col- 
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lapsing by a brass rod tbrough them, and afterwards to load 
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file sliort pieces separately. Diftcrent size tubes are often used 
for the fuses of different size sliellsj those for a 4-inch shell 
(that is, for a shell to be shot from a 4-inch mortar) are com- 
monly made from tubes 5/16 inch in internal diameter and % 




Figure 33. BGrub^hells for 4- and 6-inch MorUre. (Courtesy National 
Fireworks Company and the Ballon Globc^} 



inch in external diameter. Fuses are generally attached to the 
front end of the bombshell. The forward -pointing end of the 
tube, which is outside the shell and receives the fire, is filled flush 
with the composition. The other backward-pointing end, inside 
the shell, is empty of composition for % inch of its length; a 

102 

bundle of stiff 2-inch pieces of black match is inserted into this 
space and is held in position by a rolled wrapper of paper, glued 
to the fuse case and tied with a string near the ends of the 
mateli, in order that it may not be dislodged by the shock of 
setback. The match serves to bring the fire more satisfactorily 
to the bursting charge within the shell. 

The preparation of the bombshell is hand work which requires 
much skill and deserves a fairly full description. We describe the 
construction of a 4 -inch shell to produce a single burst of stars. 
A strip of bogus or new^s board paper is out to the desired length 
and is rolled tightly on a form without paste. When it is nearly 
all rolled, a strip of medium- weight kraft paper, 4 inches wider 
than the other strip, is rolled in and is rolled around the 'tube 
several times and is pasted to hold it in position. Three circular 
discs of pasteboard of the same diameter as the bogus tube (3^/^ 
inches) are taken, and a %-inch hole is punched in the center 
of tw^o of them. The fuse is inserted through the hole in one of 
them and glued heavily on the inside. When this is thoroughly 
dry, the disc is glued to one end of the bogus tube, the matched 



end of the fuse being outside; the outer ^wrapper of kraft paper 
is folded over carefully onto the disc, glued, and rubbed down 
smoothly; and the second perforated disc is placed on top of it. 

The shell case is now turned over, there being a hole in the 
bench to receive the fuse, and it is filled with as many stars 
(i/4-inch diameter, V 2 inch long) as it will contain. A mixture of 
2F gunpow^der and candle comp is then added, shaken in, and 
settled among the stars until the case is absolutely full. A disc 
of pasteboard is placed over the stars and powder, pressed dowm 
against the end of the bogus body and glued, and the outer 
kraft paper wrapper is folded and glued over the end. 

At this point the shell is allowed to dry thoroughly before it 
is wound wuth strong jute twine. It is first wound lengthwise; 
the twine is wTapiicd as tightly as possible and as firmly against 
the fuse as may be; each time that it passes the fuse the plane 
of the w'inding is advanced by about 10* until 36 turns have 
been laid on, and then 36 turns are w'ound around the sides of 
the cylinder at right angles to the first winding. The shell is now 
ready to be "pasted in,” For this purpose, 50-pound kraft paper 
is cut into strips of the desired dimensions, the length of the 
strips being across the grain of the paper. A strip of this paper 
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is folded, rubbed, and twisted in paste until it is thoroughly im- 
pregnated. It is then laid out on the bench and the shell is rolled 
up in it. The cylinder is now stood upright, the fuse end at the 
top, and the portion of the wet pasted kraft paper wrapper w'hich 
extends above the body of the shell is torn into strips about 
% inch wide; these, one by one, are rubbed down carefully 
and smoothly, one overlapping the other, upon the end of the shell 
case. They extend up the fuse tube for about ^ inch and are 
pressed down firmly against it. The shell is now turned over, 
the fused end resting against a tapered hole in the bench, and 
a corresponding operation is performed upon the other end. 
The body of the shell is now^ about inch thick on the sides 
of the cylinder, about % inch thick at the top end, and about 
^ inch at the base end. It is dried outdoors in the sun and 
breeze, or in a well-ventilated dry-house at 100*F., and, w^hen 
thoroughly dry, is ready to be supplied with the propelling or 
blowing charge. 

A piece of piped match (black match in a paper tube) is laid 
along the side of the bombshell; both are rolled up without paste 
in 4 thicknesses of 30-pound kraft paper wide enough to extend 
about 4 inches beyond the ends of the cylinder, and the outer 
i^Tapper is tied lightly in place by tw^o strings encircling the 
cylinder near the ends of the shell case. The cylinder is turned 
bottom end up. About 3 inches of the paper pipe of the quick- 
match is removed to expose the black match, a second piece of 
black match is inserted into the end of the paper pipe, and the 
pipe is tied with string to hold the match in place. The propelling 
charge of 2F gunpowder is next introduced; the two inner layers 
of the outer kraft paper wrapper are folded down upon it and 
pressed firmly, then the two outer layers are pleated to the center 
of the cylinder, tied, and trimmed close to the string. The cylin- 
der is then turned to bring the fuse end upix?rmost. The end of 
the fuse is scraped clean if it has been touched with paste. Two 
pieces of black match are crossed over the end of the fuse, bent 
down along the sides of the fuse tube, and tied in this position 
with string. The piped match which leads to the blowing charge 
is now laid dowm upon the end of the cylinder, up to the bottom 
of the fuse tube, then bent up along the side of the fuse tube, 
then bent across its end and down the other side, and then bent 
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back upon itself, and tied in this position. Before it is tied, a 
small hole is made in the match pipe at the point where it passes 
the end of the Roman fuse, and a piece of flat black match is 
inserted. The two inner layers of the kraft paper wrapper are 
now pleated around the base of the fuse and tied close to the 
shell. The two outer layers are pleated and tied above the top 
of the fuse, a 3-foot length of piped match extending from the 
upper end of the package. A few inches of black match is now 
bared at the end and an extra piece of black match is inserted 

and tied in place by a string about 1 inch back from the end of 

the pipe. The black match, for safety’s sake, is then covered 
with a piece of lance tube, closed at the end, which is to be 
removed after the shell has been placed in the mortar and is 
ready for firing. 

Maroons 

Bombs which explode with a loud report, whether they are 
intended for use on the ground or in the air, are known as 

maroons. They are called marrons in French, a name which also 

means large chestnuts in that language— and chestnuts some- 
times explode while being roasted. 

Maroons are used for military purposes to disconcert the 
enemy by imitating the sounds of gunfire and shell bursts, and 
have at times been part of the standard equipment of various 
armies. A cubical pasteboard box filled with gunpowder is 
wound in three directions with heavy twine, the successive turns 
being laid close to one another; an end of miner’s fuse is inserted 
through a hole made by an awl, and the container, already very 
strong, is made still stronger by dipping it into liquid glue and 
allowing to dry. 

For sharper reports, more closely resembling those of a high- 
explosive shell, fulminating compositions containing chlorate are 
used. ^\ith these, the necessity for a strong container is not so 
great; the winding may be done with lighter twine, and the suc- 
cessive turns of twine need not make the closest possible con- 
tact. Faber reports two compositions, as follows: 



Potassium chlorate ... 4 1 

Sulfur 1 

Soft wood charcoal I 

Antimony sulfide 1 
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“It is to be noted/^ he says, “that, while the first formula 
affords a composition of great strength, the second is still more 
violent. It is also of such susceptibility tliat extraordinary care 
is required in the handling of it, or a premature explosion may 
result.” 

Chlorate compositions are not safe for use in maroons. Black 
powder is not noisy enough. Allen F. Clark has communicated 
the following j)erchlorate formulas for reports for maroons. For 



Potassium perchlorate 12 6 32 

Sulfur 8 2 

Antimony sulfide 3 

Sawdust 1 

Rosin . . 3 

Fine charcoal . . 3 



a flash report he uses a mixture of 3 parts of potassium perman- 
ganate and 2 of aluminum. 

Toy Caps 

Toy caps are commonly made from red phosphorus and potas- 
sium chlorate, a combination which is the most sensitive, dan- 



gerous, and unpredictable of the many with which the pyrotech- 
nist has to deal. Their preparation ought under no conditions to 
be attempted by an amateur. Powdered potassium chlorate 20 
parts is made into a slurr>" with gum water. It is absolutely es- 
sential that the chlorate should be wetted thoroughly before the 
red phosphorus is mixed with it. Red phosphorus, 8 parts, is 
mixed wdth powdered sulfur 1 part and precipitated calcium 
carbonate 1 part, and the mixture is made into a slurry sepa- 
rately with gum water, and this is stirred into the other until 
thoroughly mixed. The porridgelike mass is then spotted on 
paper, and a piece of pasted tissue paper is placed over the 
spotted surface in a manner to avoid the enclosure of any air 
bubbles between the two. This is important, for, unless the tissue 
paper covers the spots snugly, the composition is likely to crum- 
ble, to fall out, and to create new dangers. (A strip of caps, for 
example, may explode between the fingers of a boy who is tear- 
ing it.) The moist sheets of caps are piled up between moist blan- 
kets in a press, or with a board and weights on top of the pile, 
and are pressed for an hour or so. They are then cut into strips 
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of caps which are dried, packaged, and sold for use in toy re- 
peating pistols. Or they are cut in squares, one cap each, which 
are not dried but are used while still moist for making Japanese 
torpedoes (see below). The calcium carbonate in this mixture is 
an anti-acid, which prevents it from deteriorating under the 
influence of moisture during the rather long time which elapses, 
especially in the manufacture of torpedoes, before it becomes 
fully dry. 

Mixtures of potassium chlorate and red phosphorus explode 
from shock and from fire. They do not bum in an orderly fashion 
as do black powder and most other pyrotechnic mixtures. No 
scrap or waste ought ever to be allowed to accumulate in the 
building where caps are made; it ought to be removed hourly, 
whether moist or not, and taken to a distance and thrown upon 
a fire which is burning actively. 

Silver Torpedoes 

These contain silver fulminate, a substance which is as sensi- 
tive as the red phosphorus and chlorate mixture mentioned above, 
but which, however, is somewhat more predictable. They are 
made by the use of a torpedo boards that is, a board, say % 
inch thick, through which 3^-inch holes have been bored. A 
2-inch square of tissue paper is placed over each hole and 
punched into the hole to form a paper cup. A second board of 
the same thickness, the gravel boards has %-inch holes, bored 
not quite through it, in number and position corresponding to 
the holes in the torpedo board. Fine gravel, free from dust, is 
poured upon it; the holes are filled, and the excess removed. 
The torpedo board, filled w’ith paper cups, is inverted and set 
down upon the gravel board, the holes matching one another. 
Then the two boards, held firmly together, are turned over and 
set down upon the bench. The gravel falls down into the paper 
cups, and the gravel board is removed A small amount of silver 
fulminate is now put, on top of the gravel, into each of the paper 
cups. This is a dangerous operation, for the act of picking up 
some of the fulminate with a scoop may cause the whole of it 
to explode. The explosion will be accompanied by a loud noise, 
by a flash of light, and by a tremendous local disturbance dam- 
aging to whatever is in the immediate neighborhood of the ful- 
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minate but without effect upon objects which are even a few 
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inches away. 

In one plant which the present writer has visited, the fulminate 
destined to be loaded into the torpedoes rests in a small heap in 
the center of a piece of thin rubber (dentist's dam) stretched 
over a ring of metal which is attached to a piece of metal weigh- 
ing about a pound. This is held in the worker's left hand, and a 
scoop made from a quill, held in the right hand, is used to take 
up the fulminate which goes into each torpedo. If the fulminate 
explodes, it destroys the piece of stretclied rubber — notiiing else. 
And the rubber, moreover, cushions it so that it is less likely to 
explode anyway. The pound of metal is something which the 
w^orker can hold much more steadily than the light-weight ring 
with its rubber and fulminate, and it lias inertia enough so that 
it is not jarred from his hand if an explosion occurs. After the 
fulminate has been introduced into the paper cups, the edges of 
each cup are gathered together with one hand and twisted with 
the thumb and forefinger of the other hand which have been 
moistened with paste. This operation requires care, for the tor- 
pedo is likely to explode in the fingers if it is twisted too tightly. 

Torpedoes, whether silver, Japanese, or globe, ought to be 
packed in sawdust for storage and shipment, and they ought not 
to be stored in the same magarine or shipped in the same pack- 
age with other fireworks. If a number of them are standing 
together, the explosion of one of them for any reason is prac- 
tically certain to explode the others. Unpacked torpedoes ought 
not to be allowed to accumulate in the building in which they 
are made. 

Japanese Torpedoes 

The so-called Japanese torpedoes appear to be an American 
invention. They contain a paper cap placed between two masses 
of gravel, and in general require to be thrown somewhat harder 
than silver torpedoes to make them explode. The same torpedo 
board is used as in the manufacture of silver torpedoes, but a 
gravel board which holds only about half as much gravel After the 
gravel has been put in the paper cups, a paper cap, still moist, 
is placed on top of itj more gravel, substantially equal in amount 
to that already in the cup, is added to each, and the tops are 
twisted. 
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Picuhe: 34. Muiuifactiire of Globe Torpedoes. Introducing gravel und 
clodng the paper ciipRiie^. 



Globe Torpedoes 

Small cups of manila paper, about % inch in diameter and 
% inch deep, are punched out by machine. They are such that 
tw'o of them may be fitted together to form a box. The requisite 
amount of powdered potassium chlorate is first introduced into 
the cups; then, on top of it and without mixing, the requisite 
amount, already mixed> of the other components of the flash ful- 
minating mixture is added. These other components arc anti- 
mony sulfide, lampblack, and aluminum. Without disturbing the 
white and black powders in the bottoms of the cups, workers 
tljen fill the cups with clean coarse gravel and put other cups 
down upon them to form dosed % by ^4 inch cylindrical boxes. 
The little packages are put into a heated barrel, rotating at an 
angle wdth the horizontal, and are tumbled together with a solu- 
tion of water-glass. The solution softens the paper (but later 
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hardens it), and t!ic packages assume a splierical shape. Small 
discs of colored paper (punchingsj are added a few at a time 
until the globes are completely covered with them and have lost 
all tendency to stick together. They arc then emptied out of the 




Ficvre 35. Manufacture of Globe Toniedoes. Removing the moist spheres 
from the himbline barrul, (Courtesy Natioiml Fireworks Company and the 
Boston Glob&.} 

tumbler, dried in steam-heated ovens, and packed in wood shav- 
ings for storage and shipment. 

Railway Torpedoes 

A railway torpedo consists of a flat tin box, of about an ounce 
capacity, filled with a fulminating composition and having a strip 
of lead, soldered to it, which may be bent in order to hold it in 
place upon tlie railroad track. It explodes when the first w'heel 
uf the locomotive strikes it, and produces a signal which is audi- 
ble to the engineer above the noise of the train. Railway tor- 

pedoea were formerly filled with compositions containing chlorate 
and red phosphorus, similar to those which are used in toy caps; 
but these mixtures are dangerous and much more sensitiye than 
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Fioure 38. Packing OEobc Toipedoes in Wood Shavings. ^Courtesy National 
Fireworks Ck>mpany and the Bmlvn Globe.) 

is necessary. At present, safer perchlorate mixtures without 
phosphorus are used. The following compositions (Allen F. 
Clark) can be mixed dry and yield railway torpedoes which will 
not explode from ordinary shock or an accidental fall. 



PtJtassium pcrrhlorate . 8 12 

Antimony sul8dc 5 ft 

Sulfur ] 3 



English Crackers or Grasshoppers 

These devices are old; they were described by John Bate and 
by Hanzelet Lorrain, Elnglish crackers are represented in the 
lower rieht-corner of Figure 23, reproduced from Lorraines book 
of 1630. They are used in bombshells and, as Lorrain used them, 
in rockets, where they jump about in the air producing a series 
of flashes and explosions. Children shoot them on the ground 
like firecrackers where their movements suggest the behavior of 
grasshoppers. 

English crackers are commonly loaded with granulated gun- 
powder, tamped into paper pipes like those from M^hich pin- 
wheels are made. The loaded pipes are softened by moisture in 
tlie same way, passed between rollers to make them flatter, 
folded in frames, and, for the best results, tied each time they are 
folded and tljen tied over the whole bundle. They are generally 
supplied with black match for lighting. They produce as many 
explosions as there are ligatures, 

Chinese Firecrackers 

Firecrackers have long been used in China for a variety of 
ceremonial purposes. The houseboat dweller greets the morning 
by setting off a bunch of firecrackers, for safety's sake in an iron 
kettle with a cover over it, to keep all devils away from him 
during the day. For their own use the Chinese insist upon fire- 



crackers made entirely of red paper, which leave nothing but red 
fragments, for red is a color particularly offensive to the devils. 
Firecrackers for export, liowever, are commonly made from tubes 
of cheap, coarse, brown paper enclosed in colored wrappers. 
Thirty years ago a considerable variety of Cliincse firecrackers 
was imported into this country. There were '^Mandarin crackers," 
made entirely from red paper and tied at the ends with silk 
thread; cheaper crackers plugged at tlie ends with clay (and 
these never exploded as satisfactorily) ; *‘lady crackers/' less 
than an inch long, tied, and no thicker than a match stem; and 
^■cannon crackers,'' tied with string, 6, 8, and 12 inches long, 
made of browm paper with brilliant red w'rappers. All these were 
loaded with explosive mixtures of the general nature of black 
powder, wore equip jied witli fuses of tissue paper twisted around 
black powder, and were sold, as Chinese firecrackers are now 
sold, in bunches with their fuses braided together. The composi- 
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tion 4 parts potassium nil rate, 1 of charcoal, and 1 of sulfur has 
been reported in Chinese firecrackers; more recently mixtures 
containing both potassium nitrate and a small amount of potas- 
sium chlorate have boon used; and at present, when the importa- 
tion of firecrackers over 1% inches in length is practically'^^ pro- 
hibited, flash pow^dors containing Rluminum and potassium 




Fioohe 37. Chincac Firecrackers. Tyinp Ihc Tubes into Bimdles. 
chlorate are commonly used, for they give a sharper explosion 
than black powder. 

Firecrackers not pxcecdms \% inchen in jen^rdr and 5/16 inch in di- 
ameter cany r duty of 8 cenfv \*pt pound. For lonpcr cnickcra the duty is 
25 cents per pound, which ]>ractically jirohibils (heir importation. 

The Chinese firecracker industry formerly ccnterci! in Canton 
but, since the Japanese occupation, has moved elsewhere, largely 
to French Indo-China and Macao in Portuguese territory. Its 
processes require great skill and manual dexterity, and have 
long been a secret anrl a mystery to Europeans. So far as we 
know, they had not been tlcscribed in English print until Wein- 
gart's book published an account of the manufacture of day- 
plugged crackers basctl ui)on in formation received from the 
manager of a fireworks company at Hong Kong. His account h 
illustrated wdth three pen sketches, two of them of workmen 
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carrying out manual operations and a third which shows some 
of Oic tools and instruments. The brief account which follows is 
based upon conversations wuth Wallace Clark of Chicago and 
upon still and moving pictures which he took at a large factory 
in French Indo-China in January, 1939. 

The tubes for the firecrackers are rolled and cut to length in 
outlying villages, and nre brought to the factory for loading. 
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They are tied in hexagonal bundles, Figure 3 7, each containing 
1006 tubes* Since the twine tied tightly around the bundle 
crushes the 6 tubes at the corners of the hexagon, and since these 
are discarded, each bundle contains tubes for 1000 finished 
crackers. 



The back ends of the crackers are then crimped; Figure 38* 
A bamboo stick is placed against the end of the tube and is 
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struck a sharp blow; this forces some of the paper down into the 
tube and closes it effectively. The operation, like all the other 



Figure 38. Crimijing the Back Ends of the Tubes. (Courtesy Wallace Clark.) 



Figure 42. Making the Fuse, (Courtesy Wallace Clark.) 



operations in the manufacture of the crackers, is carried out 
very rapidly. 



Fjguhe 39. Punrhing Holes for Losuling. (Courier Wallace Clark.) 
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Fcoure 40, Loading. Filling the Tubes with Powder, 



Figure 43, Making the Crackers inlo Bunches by Braiding Fuses Together. 
(Courtesy Wallace Clark.) 



A sheet of paper is then pasted over the other side of the 
hexagonal bundle of tubes, closing the ends which are later to 



carry the fuses. When this is dry, holes corresponding to the tubes 
are punched in the paper, Tlic operation is carried out by young 
girls who punch tlie holes four at a time by means of four bam- 
boo sticks held in one hand while tlicy hold the bundle of tubes 
steady with the other; Figure 39. Tlic edges of the paper are 
tlien bent slightly upward, giving it the form of a shallow* saucer 
with 1000 holes in its bottom. The powder for charging the 
crackers is then introduced into this saucer, and the Tvhole is 



Figure 4L Fuaiog and Crimping. (Courtesy Wallace Clark.) 
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Figure 44. ^^V[lpp^tlg the Rimchcs. (Court eg;y Wallace Clark,) 

shaken gently until all the tubes are full; Figure 40. Then, by a 
deft movement of the worker's hands and wrists, the excess pow- 
der in the saucer, and a portion of the powder in each of the 
tubes, is emptied out quickly, each of tlsc tubes being left partly 
full of powder with enough empty space at the top for the fuse 
and the crimp. This operation, of alt ttmsc in the manufacture, 
is considered to be the one which requires the greatest skilL Day 
after day the average consumption of powder per 1000 or per 
100,000 crackers is remarkably constant. 

The paper is then torn off from the hexagonal bundle, and the 
fuses, cut to lengtli, are put in place by one workman while an- 
other with a pointed bamboo stick rapidly crimps the paper 
around them; Figure 41. The fuse is made from narrow- strips of 
tissue paper about 2 feet long. While one end of the strip is 

clamped to the bench and tiie other is held in the hand, the sfrin 
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is shaped by a motion of the worker's other hand into the form 
of a trough which is then filled with a narrow' train of pow'der, 
and, by another motion of the hand, the fingers being moistened, 
is twisted into the finished fuse; Figure 42. This is set aside to 
dry and is cut into lengths for use in the crackers. The fuses 
of the finished crackers arc braided or pleated together, Figure 
43, making the crackers into bunches, and the bunches are 
WTapped and labeled, Figure 44. 



Flash Cracker Composition 

Chinese firecrackers and American machine-made salutes are 
loaded with compositions which contain pow'dered aluminum 
and potassium chlorate or perchlorate. They produce a bright 
flash and an extremely sharp report w'hen they explode. The com- 
positions listed below are typical. The first four in the table have 
been used in Chinese firecrackers. For the last four the author 



is indebted to Allen F. Clark. 



PoTiaasium perehJ^jrate 

Pota^ium chlorate 2 

Potassium nitrate 

Barium uitrjite 

Aluminum (fine powder) ) 

Sulfur 1 

Antimony sulfide 



3 

4 

a 



5 

2 

3 



7 



1 

2 
1 



6 1 7 



3 

5 



1 .. 4 

1 5 2 

1 , , I 



The compositions which contain barium nitrate produce a green 
flash, the others a w'hite one. All of them burn with great rapid- 
ity in the open. It is debatable whether the phenomenon of the 
burning is not really an explosion, or wmld be one if the mate- 
rial were not allowed to scatter wrhile being burned* With the 
exception of the third and the last, they are all fulminating ex- 



plosives when confined. All the mixtures which contain sulfur 
along with chlorate or perchlorate can be exploded on an iron 
anvil by a moderately strong blow' with an iron hammer* 

Sparklers 

Snow’ball sparklers (Allen F. Clark) are made from: 



Potessium nitrate 64 

Barium nitrate 30 

Sulfur 16 

Charcoal dust IS 

Antimony lulfide 16 

Fine aluminum powder * . . . . fi 

Dextrin*,.., * 16 



The ingredients are all pow'dered to pass a 200-210 mesh sieve. 
The dry materials are mixed thoroughly and sifted, then mois- 
tened little by little with water with thorough mixing until the 
mixture attains the consistency of heavy molasses. Iron wires 
(20 gauge) of convenient length are dipped in the mixture and 
arc hung up to dry for 24 hours. Those are dipped a second time 
for sire, and allowed to dry for another 24 hours* The sparklers 
bum with a bright w'hite light and throw out ^^soft sparks” from 
the charcoal and occasionally scintillating sparks from the burn- 
ing of the iron wdre* 

Other mixtures w'hich produce similar eflfects are as follows: 



Potasaium nitrate 64 

Potoasium perchlorate 3 16 

Barium nitrate. 6 

Sulfur * 18 4 

Lampblack 5 

Red gum * * . . . 4 4 

Fine aluminum powder. , , . G 6 

Coarse aluminum powder , . . 4 



The first of these burns with a lilac-colored flame as contrasted 
w'ith the flame of the second w^hich appears w'hite* These com- 
positions are applied by adding the intimately mixed dry in- 
gredients to a liquid knowm as “black wax,” procured by melting 
together 3 pounds of rosin and 1 gallon of liquid roofing-paper tar. 
The iron wires are dipped tw^o or three times in the resulting 
slurry, and allowed to dry between dips. 

The use of iron and steel filings in the compositions produces 
a more brilliant display of scintillating sparks* The following 
formulas are typical* Water is used for applying the composi- 
tions. The iron and steel filings which are used in these com- 



Barium nitrate 4S 48 

Potassium perchlorate * , 6 

Fine aluminum powder. . . 7 7 1 

Fine iron filings 34 IS 

Fineetecl filings 6 12 

Manganese dioxide 2 1 

Dextrin 12 12 2 

Clueofie* . . 1 



positions are coated, before the mixing, with paraffin or linseed 
oil to protect them from rusting. 
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Wire Dips and Colored Fire Sticks 
These devices are made in the same way as sparklers, by dip- 
ping wires or twisted narrow strips of iron or thin sticks of wood, 
and generally burn with a tranquil flame except for the sparks 
that come from the burning of the iron wire or strip. Several 
typical compositions are listed. Alcohol is used for applying the 
compositions which contain shellac; water, for applying the 
others which contain dextrin. 
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Red 


Green 


White 


Potassium chlorate 




2 


3 






Potassium perchlorate .... 










10 


Strontium nitrate 


5 


6 


16 






Barium chlorate 








16 




Fine aluminum powder — 










7 


Coarse aluminum powder . 




6 




24 




Shellac 


1 


1 




3 




Red gum 






4 

1 






Dextrin 






3 




3 



Pharaoh’s Serpents 

AVohler in 1821 first reported the remarkable property of mer- 
curous thiocyanate that it swells up when it is heated, ‘^winding 
out from itself at the same time worm-like processes, to many 
times its former bulk, of a very light material of the color of 
graphite, with the evolution of carbon disulfide, nitrogen, and 
mercury.” Mercuric thiocyanate, which gives better snakes than 
the mercurous compound, came early into use for this purpose in 
pyrotechnic toys. When a heap or pellet of either of these com- 
pounds is set on fire, it burns with an inconspicuous blue flame, 
producing sulfur dioxide and mercury vapor. The resulting pale 
brown or pale gray snake, if broken, is found to be much darker 
in the interior, and evidently consists of paracyanogen and mer- 
curic sulfide, the mercury having been burned and vaporized 
from the outer layer. 

Mercuric thiocvanate is prepared bv adding a solution of 
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potassium, sodium, or ammonium thiocyanate to a solution of 
mercuric nitrate, a ferric chloride or ferric alum indicator being 
used to indicate by a red color when enough of the former solu- 
tion has been added. This is necessary since mercuric thiocyanate 
is soluble in an excess of either of the reagents by the interaction 
of which it is produced. The precipitate is collected, washed, 
dried, powdered, moistened with gum-arabic water in which a 
little potassium nitrate is dissolved, and made into small pellets 
by means of a device like a star board or by a pelleting machine. 
The small pellets are known as Pharaoh^s serpenPs eggs, 

Snakes-in-the-grass, volcano snakes, etc., depend upon the use 
of ammonium dichromate. If this material in the form of a pow- 
der is made into a conical heap, and a flame applied to the top 
of it, a visible but not violent '‘combustion” proceeds through 
the mass, which “boils up” to form a large volume of green mate- 
rial resembling tea leaves. 

(NH4),Cr,07 ► N, -I- 4H,0 + CtA 

In practice, more flame is desired than ammonium dichromate 
alone will give. Weingart recommends a mixture of 2 parts of 
ammonium dichromate with 1 of potassium nitrate and 1 of dex- 
trin. Tinfoil cones are made from circles of tinfoil shaped on a 
former, and are introduced by means of the former into conical 
cavities in a block of w^ood; they are then about half filled with 
the powdered mixture, a Pharaoh’s serpent’s egg is pressed in, 
and the edges of the tinfoil are turned down upon it to form the 
base of the cone. 

While the fumes from burning mercuric thiocyanate are offen- 
sive because of their sulfur dioxide, the small amount of mercury 
vapor which they contain probably presents no serious danger. 
The possibility, however, that children may swallow the pellets, 
with fatal consequences, is a real hazard. For this reason, the sale 
<of mercury snakes has been forbidden by law in many states, 



and black non-mercury snakes, which are essentially non-poison- 
ous, have come into general use. 

Black Non-Mercury Snakes 

These are used in the form of barrel snakes, hat snakes (black 

121 

pellets affixed to black discs of pasteboard to form what look 
like miniature broad-brimmed black hats), colored fire snakes, 
etc. The best which we have seen are prepared from naphthol 
pitch by a process described by Weingart. The naphthol pitch 
is a by-product in the manufacture of /5-naphthol. The method 
of “nitration by kneading” is so unusual that it appears worth 
while to describe the process in detail, 

Preparatio 7 i of Black Non-Mercvry Snakes. Thirty grams of pow- 
dered naphthol pitch is mixed intimately with 6 grams of linseed oil, 
and the material is chilled in a 200-cc. Pyrex beaker surrounded by 
cracked ice. Twenty-one cubic centimeters of fuming nitric acid {d. 1.50) 
is added in small portions, one drop at a time at first, and the material 
is stirred over, kneaded, and kept thoroughly mixed at all times by 
means of a porcelain spatula. The addition of each drop of acid, espe- 
cially at the beginning of the process, causes an abundance of red 
fumes, considerable heating, and some spattering. It is recommended 
that goggles and rubber gloves be worn, and that the operafion be 
carried out in an efficient hood. The heat of the reaction causes the 
material to assume a plastic condition, and the rate of addition of the 
acid ought to be so regulated that this condition is maintained. After 
all the acid has been added, the dark brown, doughlike mass becomes 
friable on cooling. It is broken up under water with the spatula, washed 
thoroughly, and allowed to dry in the air. The product is ground up in 
a porcelain mortar with 10.5 grams of picric acid, made into a moist 
meal with gum-arabic water, pelleted, and dried. A pellet % i^ich long 
and % inch in diameter gives a snake about 4 feet long, smooth- 
skinned and glossy, with a luster like that of coke, elastic, and of 
spongy texture within. 

The oxidized linseed oil produced during the nitration appears 
to play an important part in the formation of the snakes. If 
naphthol pitch alone is nitrated, ground up with picric acid, and 
made into pellets after moistening with linseed oil, the pellets 
when fresh do not yield snakes, but do give snakes after they 
have been kept for several months, during which time the linseed 
oil oxidizes and hardens. Weingart states in a letter that he has 
obtained satisfactory results by using, instead of naphthol pitch, 
the material procured by melting together 60 parts of Syrian 
atphalt and 40 of roofing pitch. Worked up in the regular way 
this “yielded fairly good snakes which were improved by rubbing 
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the finished product up with a little stearine before forming into 
pellets.” The present writer has found that the substitution of 
y5-naphthol for naphthol pitch yields fairly good snakes which, 
however, are not so long and not so shiny, and are blacker and 
covered with vrartiike protuberances. 

Smokes 

Smoke shells and rockets are used to produce smoke clouds for 
military signaling and, in daylight fireworks, for ornamental 
effects. Tlie shell case or rocket head is filled with a fine powder 
of the desired color, w*hich powdered material need not neces- 
sarily be one which will tolerate heat, and this is dispersed in 
the form of a colored cloud by the explosion of a small bag of 
gunpowder placed as near to its center as may be. Artificial 
vermilion (red), ultramarine (blue), Paris green, chrome yel- 
low, chalk, and ivory black are among the materials which 




POOR MAN*S JAMES BOND Vol • 2 



370 



CHEMISTRY OF EXPLOSIVES 



have been used, but almost any material which has a bright 
color when powdered and which does not cake together may be 
employed. 

Colored smokes strictly so called are produced by the burning, 
in smoke pots or smoke cases, of pyrotechnic compositions which 
contain colored substances capable of being sublimed without an 
undue amount of decomposition. The substances are volatilized 
by the heat of the burning compositions to form colored vapors 
which quickly condense to form clouds of finely divided colored 
dust. Colored smokes are used for military signaling, and recently 
have found use in colored moving pictures. Red smokes, for ex- 
ample, were used in the Wizard of Oz.” Colored smoke composi- 
tions are commonly rammed lightly, not packed firmly, in cases, 
say 1 inch in internal diameter and 4 inches long, both ends of 
which are closed with plugs of clay or wood. Holes, % inch in 
diameter, are bored through the case at intervals on a spiral line 
around it ; the topmost hole penetrates well into the composition 
and is filled with starting fire material into which a piece of 
black match, held in place by meal powder paste, is inserted. 
According to Faber, the following-listed compositions were used 
in American airplane smoke-signal grenades during the first 
World War. 
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Red 


YeUow 


Green 


Blue 


Potassium chlorate , . . 


1 


33 ' 


' 33 


7 


Lactose 


1 


24 1 


26 


5 


Paranitraniline red 


3 








Auramine 




34 


15 




Chrysoidine 




9 






Indigo 


1 




26 


8 



The following (Allen F. Clark) are illustrative of the perchlo- 
rate colored smoke compositions which have come into use more 
recently. 





I 

Red 1 Green 


Blue 


Potassium perchlorate 


5 6 


5 


Antimony sulfide 


4 I 5 


4 


Rhodamine red 


10 : 




Malachite green 


.. 1 10 




Methylene blue . 




10 


Gum arabic 


1 1 


1 



Many other dyestuffs may be used. Paranitraniline Yellow gives 
a canary yellow smoke, and Flaming Red B gives a crimson- 
colored smoke by comparison with which the smoke from Para- 
nitraniline Red appears to be scarlet. None of the colored smoke 
compositions are adapted to indoor use. All the smokes are un- 
pleasant and unwholesome. 

White smoke is produced by burning a mixture of potassium 
chlorate 3 parts, lactose 1, and finely powdered ammonium chlo- 
ride 1. The smoke, which consists of finely divided ammonium 
chloride, is not poisonous, and has found some use in connection 
with the study of problems in ventilation. 

For use in trench warfare, for the purpose of obscuring the 
situation from the sight of the enemy, a very satisfactory dense 
white or gray smoke is procured by burning a mixture of zinc 



dust and hexachloroethane. The mixture requires a strong start- 
ing fire. The smoke consists largely of finely divided zinc chlo- 
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ride. For a grayer smoke naphthalene or anthracene is added to 
the mixture. Torches for black smoke have also been used, 
charged with a mixture of potassium nitrate and sulfur with 
rosin or pitch and generally with such additional ingredients as 
sand, powdered chalk, or glue to modify the rate of their burning. 

When shells are loaded with certain high explosives which pro- 
duce no smoke (such as amatol), smoke boxes are generally in- 
serted in the charges in order that the artilleryman, by seeing 
the smoke, may be able to judge the position and success of his 
fire. These are cylindrical pasteboard boxes containing a mixture 
of arsenious oxide and red phosphorus, usually with a small 

amount of stearine or paraffin. 

12ft 

CHAPTER IV 



AROMATIC NITRO COMPOUNDS 

Aromatic nitro compounds are generally stable but are fre- 
quently reactive, especially if they contain groups other than 
nitro groups in the meta position with respect to one another. 
As a class they constitute the most important of the military 
high explosives. They are also used as components of smokeless 
powder, in compound detonators, and in primer compositions. 
Liquid nitro compounds, and the mixtures which are produced as 
by-products from the manufacture of pure nitro compounds for 
military purposes, are used in non-freezing dynamite and other 
commercial explosives. The polynitro compounds are solvents for 
nitrocellulose. 

The nitro compounds are poisonous. Nitrobenzene, known also 
as **oil of mirbane,^' is absorbed through the skin and by breath- 
ing its vapors, and has been reported to cause death by the care- 
less wearing of clothing upon which it had been spilled. The less 
volatile polynitro compounds, like trinitrotoluene, are absorbed 
through the skin when handled, and may cause injury by the 
inhalation of their dust or of their vapors when they are melted. 
Minor TNT sickness may manifest itself by cyanosis, dermatitis, 
nose bleeding, constipation, and giddiness; the severer form, by 
toxic jaundice and aplastic anemia. One of the nitro groups is 
reduced in the body, and dinitrohydroxylamino toluene may be 
detected in the urine. Trinitrobenzene is more poisonous than 
trinitrotoluene, which, in turn, is more poisonous than trinitroxy- 
lene, alkyl groups in this series having the same effect as in the 

phenols, cresol, xylenol, etc., w\we they reduce the toxicity of 
the substances but increase their antiseptic strength. 

In the manufacture of explosives the nitro groups are always 
introduced by the direct action of nitric acid on the aromatic 
substances. The simple reaction involves the production of water 
and is promoted by the presence of sulfuric acid which thus 
functions as a dehydrating agent. We shall later see cases in 
which sulfuric acid is used as a means of hindering the introduc- 
tion of nitro groups. In consequence of the reaction, the nitrogen 




atom of the nitro group becomes attached to the carbon atom of 
the aromatic nucleus. Nitro groups attached to the nucleus, 
unless ortho and para to other nitro groups, are not affected by 
sulfuric acid as are nitro groups attached to oxygen (in nitric 
esters) and to nitrogen (in nitroamines), or, ordinarily, by hydro- 
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lytic agents as are nitro groups attached to oxygen. Nitric acid 
is a nitrating agent both at low and at elevated temperatures; 
its vigor in this respect depends upon the concentration. But 
it is an oxidising agent even in fairly dilute solution, and becomes 
more vigorous if the temperature is raised. Further, it decom- 
poses when heated to produce nitrous acid, which is also a pow- 
erful oxidising agent and may reduce the yield of the desired 
product. Nitrous acid present in the nitrating acid may also 
result in the formation of nitrophenols from aromatic amines. 
Aromatic nitro compounds, such as TNT and picric acid, on 
refluxing for some hours with nitric acid (d. 1.42) and then 
dbtilling the mixture, yield appreciable quantities of tetranitro- 
methane, formed by the rupture of the ring and the nitration of 
the individual carbon atoms. The nitro group “strengthens” the 
ring against attack by acid oxidising agents, but makes it more 
accessible to attack by alkaline ones. The polynitro compounds 
are destroyed rapidly by warm alkaline permanganate yielding 
oxalic acid. They combine with aniline, naphthylamine, etc., to 
form brightly colored molecular compounds. All aromatic nitro 
compounds give colors, yellow, orange, red, even purple, with 
alkaline reagents. 

The position which the nitro group takes on entering the 
aromatic nucleus and the ease with which the substitution is 
accomplished depend upon the group or groups already present 
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on the nucleus. Wc arc accustomed to speak of the orienting or 
directing effect of the groups already present and of their influ- 
ence in promoting or inhibiting further substitution. The two 
simple rules which summarize these effects have important im- 
plications and wide applications in the chemistry of aromatic 
substances. 

Effect of Groups on Further Substitution 

1. Orienting Effect. The Modified Buie of Crum Brown and 
Gibson. If the atom attached to the aromatic nucleus is attached 
to some other atom by an unsaturated linkage (i.e., by any bond 
which we commonly write as double or triple), then the next en- 
tering group takes the meta position; otherwise it takes the ortho 
and para positions. 

The rule relieves us of the necessity for remembering which 
groups orient meta and which ortho-para; we may write them 
down on demand, thus: the — NO 2 , — ^NO, — CO-:-, — COOH, 
— CHO, — SO 2 — OH, — CN groups orient meta ; and the — -NHa, 
— NHR, — NR 2 , —OH, —OR, — CHa, — CHa-CH,, —Cl, — Br 
groups orient ortho-para. It is necessary, however, to take note 
of three or four exceptions, only one of which is important in the 
chemistry of explosives, namely, that the azo group, — ^N=N — , 
orients ortho-para; the trichloromethyl group, — CCla, meta; 
that such conjugate systems as occur in cinnamic acid, 
— CH— CH — CO — , orient ortho-para; and further that a large 
excess of strong sulfuric acid reverses to a greater or less extent 
the normal orienting effects of the methoxy and ethoxy groups, 
of the amino group wholly and of the monosubstituted and di- 
substituted amino groups in part. 

In all discussions of the application of the rule we make refer- 
ence to the principal products of the reaction ; substitution occurs 
for the most part in accordance with the rule, or with the excep- 
tions, and small amounts of other materials are usually formed 
as by-products. In the mononitration of toluene, for example, 
about 96 per cent of the product is a mixture of 0 - and p-nitro- 
I toluene, and about 4 per cent is the m*compound. Under the 



influence of ortho-para orienting groups, substitution occurs in 
the two positions without much preference for either one, but it 
appears to be the case that, when nitro groups are introduced, 

low temperatures favor the formation of p-compounds. The effect 

1 

of temperature on sulfonations appears to be e.xactly the op- 
posite. 

2. Ease of Substitution. Ortho-para orienting groups promote 
substitution; meta orienting groups hinder it and make it more 
difficult. The rule may be stated otherwise: that substitution 
under the influence of ortho-para orienting groups occurs under 
less vigorous conditions of temperature, concentration of reagents, 
etc., than it docs with the unsubstituted aromatic hydrocarbon 
itself; under the influence of meta orienting groups more vigorous 
conditions than with the unsubstituted hydrocarbon are necessary 
for its successful accomplishment. The rule may also be stated 
that ortho-para substitution is easier than meta. In this last form 
it fails to make comparison with substitution in the simple hydro- 
carbon, but does point clearly to the implication, or corollary, 
that the orienting effect of an ortho-para orienting group dom- 
inates over that of one which orients meta. To the rule in any of 
these forms, we must add that, when more than one group is 
already present on the nucleus, the effect of the groups is additive. 

Toluene nitrates more easily than benzene; aniline and phenol 
more easily still. Higher temperature and stronger acid are 
needed for the introductipn of a second nitro group into benzene 
than for the introduction of the first, for the second is introduced 
under the influence of the meta-orienting first nitro group which 
tends to make further substitution more difficult. The inhibitory 
effect of two nitro groups is so great that the nitration of dinitro- 
benzene to the trinitro compound is extremely difficult. It is more 
difficult to nitrate benzoic acid than to nitrate nitrobenzene. The 
common experience of organic chemists indicates that the order 
of the groups in promoting substitution is about as follows: 

«^H> — NH,> — CH,> — Cl> — H> — NO*> — SO*(OH)> —COOH 

Any one of these groups makes substitution easier than the 
groups which are printed to the right of it. 

Xylene nitrates more easily than toluene. Two methyl groups 
promote substitution more than one methyl group does, and this 
appears to be true whether or not the methyl groups agree among 
themselves in respect to the positions which they activate. Al- 
though a nitro group may be said to “activate” a particular posi- 
tion, inasmuch as it points to that position as the one in which 
substitution will next occur, it nevertheless makes substitution 
more difficult in that position, as well as in all other positions on 
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the nucleus. The nitroanilines are more difficult to nitrate than 
aniline because of their inhibiting nitro group, and more easy to 
nitrate than nitrobenzene because of their promoting amino group. 
In o- and p-nitroaniline the amino and nitro groups agree in 
activating the same positions, and both substances yield 2,4,6- 
trinitroaniline when they arc nitrated. In m-nitroaniline, the 
nitro group “activates” the 5-position, while the amino group 
activates the 2-, 4-, and 6-positions. Nitration takes place under 
the influence of the ortho-para-onentlng amino group, and 2, 3,4,6- 
tetranitroaniline results. 

Utilization of Coal Tar 

The principal source of aromatic compounds is coal tar, pro- 
duced as a by-product in the manufacture of coke. Gas tar, of 
which much smaller quantities are produced, also contains these 
same materiab. Aromatic hydrocarbons occur in nature in Borneot 
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and other petroleums, and they may be prepared artificially by 
stripping hydrogen atoms, from the cydoparaffins which occur in 
Caucasus petroleum and elsewhere. They are also produced from 
paraffin hydrocarbons by certain processes of cracking, and it is 
to be expected that in the future aromatic compounds will be 
produced in increasing quantity from petroleum which does not 
contain them in its natural state. 

Coal yields about 6 per cent of its weight of tar. One ton of tar 
on distillation gives: 

Light Oil — yielding about 32 lb. of benzene, 5 lb. of toluene, and 0.6 
lb. of xylene. 

Middle Oil — yielding about 40 lb. of phenol and cresols, and 80-120 
lb. of naphthalene. 

Heavy Oil — yielding impure c resol s and other phenols. 

Green Oil-^yielding 10-40 lb. of anthracene. 

Pitch— 1000-1200 lb. 

Naphthalene is tlic most abundant pure hydrocarbon obtained 
from coal tar. It takes on three nitro groups readily, and four 
under vigorous conditions, but ordinarily yields no product which 
is suitable by itself for use as an explosive. Nitrated naphthalenes, 
however, have been used in smokeless powder and, when mixed 
v^ith ammonium nitrate and other materials, in high explosives 
for shells and for blasting. 

The pheiiol-crcsol fraction of coat tar yields phenol on distilla- 
tion, which is convertible to picric acid, and the cresols, of which 
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m-cresol is the only one which yields a trinitro derivative di- 
rectly. Moreover, s^mthetic phenol from benzene, through chloro- 
benzene by the Dow process, is purer and probably cheaper in 
times of stress. 

Of the hydrocarbons toluene is the only one which nitrates 
sufficiently easily and yields a product -which has the proper 
physical and explosive properties. Trinitrotoluene is the most 
widely used of the pure aromatic nitro compounds. It melts at 
such temperature that it can be loaded by pouring. It is easily 
and surely detonated, and is insensitive to shock, though not 
insensitive enough to penetrate armor-plate without exploding 
until afterwards. It is powerful and brisant, but less so than 
trinitrobenzene w'hich would offer certain advantages if it could 
be procured in sufficient quantity. 

Of the xylenes, the meta compound yields a trinitro derivative 
more readily than toluene does, but trinitro-m-xylene (TNX) 
melts somew'hat higher than is desirable and is not quite power- 
ful enough when used alone. It has been used in shells in mixtures 
with TNT and with ammonium nitrate. The other xylenes yield 
only dinitro derivatives by direct nitration, A mixture of o- and 
p-xylene may be converted into an explosive — an oily mixture of 
a large number of isomers, which has been used in the composi- 
tion of non-freezing dynamites — by chlorinating at an elevated 



CHi — Cl pw n\ 




temperature in the presence of a catalyst (whereby chlorine is 
substituted both in the side chain and on the nucleus), then 
nitrating, then hydrolyzing (whereby both chlorines are replaced 
by hydroxyl groups, the nuclear chlorine being activated by the 
nitro groups), and finallv nitrating once more. 

In each step several isomers are formed— only one of the possi- 
bilities in each case is indicated above — and the ortho and para 
compounds both go through similar series of reactions. The 
product is too sensitive and in the wrong physical state (liquid) 
for use as a military explosive. In short, for the manufacture of 




Figure 45. Marius Marqueyrol, Inapecteur-GcneraJ dc 3 Poudres, France. 
1019. .AuUior of many on aromatic nitro coni pounds, nitro- 

cplhiloj^e, smokplcsa powder^ stabilizers and stability, rhiorate explosives, 
c^c. — published for the most part in the Memorial dea potuires and in the 
Biilieiin de la socUlc ckimiqite de Frame* 

military explosives toluene is the most valiuiblc of the materials 
which occur in coal tar. 

In time of war the industries of a country strive to produce as 
much toluene as possible. The effort results in the production also 
of increased quantities of other aromatic hydrocarbons, particu- 
larly of benzene, and these become cheaper and more abundant. 
Every effort is made to utilize them profitably for military pur- 
poses, As far as benzene is concerned, the problem has been 
solved through chlorobenzene, which yields aniline and phenol. by 
the Dow process, and hence picric acid, and which gives dinitro- 
chlorobenzene on nitration which is readily convertible, as will 
be described later, into picric acid and tetryl and several other 

132 

explosives that are quite as necessary as TNT for military 
purposes. 

Effects of Substituents on Explosive Strength 

Bomb experiments show that trinitro benzene is the most pow- 
erful explosive among the nitrated aromatic hydrocarbons. One 
methyl group, as in TNT, reduces its strength; two, as in TNX, 
reduce it further; and three, as in trinit romesitylene, still further 
yet. The amino and the hydroxyl groups have less effect than the 
methyl group; indeed, two hydroxyl groups have less effect than 
one methyl’ — and trinitrorcsorcinol is a stronger explosive than 
TNT, though 'weaker than TXB. TNT is stronger than trinitro- 
cresol, which differs from it in having an hydroxyl group. The 
figures given below w'ere determined by exploding the materials. 
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loaded at the density indicated, in a small bomb, and measuring 
the pressure by means of a piston and obturator. Density of 
loading is grams of explosive per cubic centimeter of bomb 
capacity. 





Pressure: Kilograms 






1 per square centi- 

meter 








Density of loading: 0 . 20 


0.25 


0.30 


Trinitrobenzene 


2205 


3050 


4105 


Trinitrotoluene 


1840 


2625 


3675 


Trinitro-m-xylene 


1635 


2340 


2980 


Trinitromesitylene 


1470 


2200 


2780 


Trinitrophenol (picric acid) 


2150 


3055 


3865 


Trinitroresorcinol (styphinic acid) 


2080 


2840 




Trinitroaniline (picramide) 


2080 


2885 


3940 


Trinitro-m-cresol 


1760 


2480 


3360 


Trinitronaphthalene 


2045 


2670 



Similar inferences may be made from the results of lead block 
tests. Fifteen grams of the explosives produced the expansions 
indicated below, each figure representing the average from twenty 



or more experiments: 

luO 

Trinitrobenzene 480 cc. 

Trinitrotoluene 452 cc. 

Picric acid 470 cc. 

Trinitrocresol 384 cc. 

Trinitronaphthalene 166 cc. 



Mono- and Di-Nitrobenzene 

Nitrobenzene is a pale yellow liquid, b.p. 208.0®, which is 
poisonous and has an almondlike odor closely resembling that of 
benzaldehyde (which is not poisonous). It is used as a component 
of certain Sprengel explosives and as a raw material for the 
preparation of aniline and of intermediates for the manufacture 
of dyestuffs and medicinals. Its preparation, familiar to every 
student of organic chemistry, is described here in order that the 
conditions for the substitution of one nitro group in benzene may 
serve us more conveniently as a standard for judging the relative 
ease and difficulty of the nitration of other substances. 

Preparation of Nitrobenzene. One hundred and fifty grams of con- 
centrated sulfuric acid (d. 1.84) and 100 grams of nitric acid (d. 1.42) 
are mixed in a 500-cc. fiask and cooled to room temperature, and 51 
grams of benzene is added in small portions at a time with frequent 
shaking. Shaking at this point is especially necessary lest the reaction 
suddenly become violent. If the temperature of the mixture rises above 
50-60®, the addition of the benzene is interrupted and the mixture is 
cooled at the tap. After all the benzene has been added, an air con- 
denser is attached to the fiask and the material is heated in the water 
bath for an hour at 60® (thermometer in the water). After cooling, the 
nitrobenzene (upper layer) is separated from the spent acid, washed 
once with water (the nitrobenzene is now the lower layer), then several 
times with dilute sodium carbonate solution until it is free from acid, 
then once more with water, dried with calcium chloride, and distilled 
(not quite to dryness). The portion boiling at 206-208® is taken as 
nitrobenzene. 

m- Dinitrobenzene, in accordance wkh the rule of Crum Brown 
and Gibson, is the only product which results ordinarily from the 
nitration of nitrobenzene. Small amounts of the ortho and para 
compounds have been procured, along with the metaf from the 



nitration of benzene in the presence of mercuric nitrate. Dinitro- 
benzene has been used in high explosives for shells in mixtures 

with more powerful explosives or with ammonium nitrate. Its use 
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as a raw. material for the manufacture of tetranitroaniline is now 
no longer important. 

Preparation of Dinitrobenzene. A mixture of 25 grams of concentrated 
sulfuric acid (d. 1.84) and 15 grams of nitric acid (d. 1.52) is heated in 
an open flask in the boiling water bath in the hood, and 10 grams of 
nitrobenzene is added gradually during the course of half an hour. The 
mixture is cooled somewhat, and drowned in cold water. The dinitro- 
benzene separates as a solid. It is crushed with water, washed with 
water, and reciy^stallized from alcohol or from nitric acid. Dinitrobenzene 
crystallizes from nitric acid in beautiful needles which are practically 
colorless, m.p. 90®. 

Trinitrobenzene 

1,3,5-Trinitrobenzene (sym-trinitrobenzene, TNB) may be 
prepared only with the greatest difficulty by the nitration of 
m-dinitrobenzene. Hepp first prepared it by this method, and 
Hepp and Lobry de Bruyn improved the process, treating 60 
grams of m-dinitrobenzene with a mixture of 1 kilo of fuming 
sulfuric acid and 5(X) grams of nitric acid (d. 1.52) for 1 day at 
100® and for 4 days at 110®. Claus and Becker obtained trinitro- 
benzene by the action of concentrated nitric acid on trinitro- 
toluene. Trinitrobenzoic acid is formed first, and this substance 
in the hot liquid loses carbon dioxide from its carboxyl group. 




For commercial production the Griesheim Chem. Fabrik is re- 
ported to have used a process in which 1 part of TNT is heated 
at 150-200® with a mixture of 5 parts of fuming nitric acid and 
10 parts of concentrated sulfuric acid. In a process devised by 
J. Meyer, picryl chloride (2,4,6-trinitrochlorobenzene) is re- 
duced by means of copper powder in hot aqueous alcohol. The 
reported details are 25 kilos of picryl chloride, 8 kilos of copper 
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powder, 250 liters of 95 per cent alcohol, and 25 liters of water, 
refluxed together for 2 hours and filtered hotj the TNB crystal- 
lizes out in good yield when the liquid is cooled. 

The nitration of m-dinitrobenzene is too expensive of acid and 
of heat for practical application, and the yields are poor. Toluene 
and chlorobenzene are nitrated more easily and more econom- 
ically, and their trinitro comppunds are feasible materials for the 
preparation of TNB. Oxidation with nitrosulfuric acid has obvi- 
ous disadvantages. The quickest, most convenient, and cheapest 
method is probably that in which TNT is oxidized by means of 
chromic acid in sulfuric acid solution. 

Preparation of Trinitrobenzene. A mixture of 30 grams of purified 
TNT and 300 cc. of concentrated sulfuric acid is introduced into a tall 
beaker, which stands in an empty agateware basin, and the mixture is 
stirred actively by means of an electric stirrer while powdered sodium 
dichromate (Na,CrA 2H.O) is added in small portions at a time, care 
being taken that no lumps are formed and that none floats on the sur- 
face of the liquid. The temperature of the liquid rises. When it has 
reached 40®, cold water is poured into the basin and the addition of 
dichromate is continued, with stirring, until 45 grams has been added, 
the temperature being kept always between 40® and 50®. The mixture 
is stirred for 2 hours longer at the same temperature, and is then al-. 
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lowed to cool and to stand over night, in order that the trinitrobenzoic 
acid may assume a coarser crystalline form and may be filtered off more 
readily. The strongly acid liquid is filtered through an asbestos filter; 
the solid material is rinsed with cold water and transferred to a beaker 
in which it is treated with warm water at 50® sufficient to dissolve all 
soluble material. The warm solution is filtered, and boiled until no more 
trinitrobenzene precipitates. The crystals of TNB growing in the hot 
aqueous liquid often attain a length of several millimeters. When fil- 
tered from the cooled liquid and rinsed with water, they are practically 
pure, almost colorless or greenish yellow leaflets, m.p. 121-122®. 



Trinitrobenzene is only moderately soluble in hot alcohol, more 
readily in acetone, ether, and benzene. Like other polynitro 
aromatic compounds it forms colored molecular compounds with 
many aromatic hydrocarbons and organic bases. The compound 
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with aniline is bright red; that with naphthalene, yellow. The 
compounds with amines are beautifully crystalline substances, 
procurable by warming the components together in alcohol, and 
are formed generally in the molecular proportions 1 to 1, although 
diphenylamine and quinoline form compounds in which two 
molecules of TNB are combined with one of the base. 

Trinitrobenzene gives red colors with ammonia and with aque- 
ous alkalies. On standing in the cold with methyl alcoholic 
sodium methylate, it yields 3,5-dinitroanisol by a metathetical 
reaction. 



+ CH,ONa 




On boiling with alcoholic soda solution it undergoes a partial 
reduction to form 3,3',5,5'-tetranitroazoxybenzene. 





The first product, however, of the reaction of methyl alcoholic 
caustic alkali on TNB is a red crystalline addition product hav- 
ing the empirical composition TNB CH30Na iH20, isolated by 
Lobry de Bruyn and van Leent in 1895. The structure of this 
substance has been discussed by Victor Meyer, by Angeli, by 
Meisenheimer, and by Schlenck, and is probably best repre- 
sented by the formula which Meisenheimer suggested. It is thus 

13 / 



+ CHiON» 



probably the product of the 1,6-addition of sodium methylate 
to the conjugate system which runs through the ring and termi- 
nates in the oxygen of the nitro group. Busch and Kogel have 
prepared di- and tri-alcoholates of TNB, and Giua has isolated 
a compound of the empirical composition TNB-NaOH, to which 
he ascribed a structure similar to that indicated above. All these 
compounds when dry are dangerous primary explosives. They 
are soluble in water, and the solutions after acidification contain 
red, water-soluble acids which yield sparingly soluble salts with 
copper and other heavy metals, and the salts are primary explo- 



H OCH, 

NO^YfNQ, 

ONa 





sives. The acids, evidently having the compositions TNB CH3OH, 
TNB H2O, etc., have not been isolated in a state of purity, and 
are reported to decompose spontaneously in small part into TNB, 
alcohol, water, etc., and in large part into oxalic acid, nitrous 
fumes, and colored amorphous materials which have not been 
identified. All the polynitro aromatic hydrocarbons react simi- 
larly with alkali, and the use of alkali in any industrial process 
for their purification is bad practice and extremely hazardous. 

Trinitrobenzene reacts with hydroxyl amine in cold alcohol 
solution, picramide being formed by the direct introduction of an 
amino group. 



NH, 




Two or three nitro groups on the aromatic nucleus, particularly 
those in the 2,4-, 2,6-, and 2, 4, 6-positions, have a strong effect in 
increasing the chemical activity of the group or atom in the 
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1-position. Thus, the hydroxyl group of trinitrophenol is acidic, 
and the substance is called picric acid. A chlorine atom in the 
same position is like the chlorine of an acid chloride (picryl 
chloride), an amino group like the amino of an acid amide (tri- 
nitroaniline is picramide), and a methoxy like the methoxy of an 
ester (trinitroanisol has the reactions of methyl picrate). In gen- 
eral the picryl group affects the activity of the atom or group to 
which it is attached in the same way that the acyl or R — CO — 
group does. If the picryl group is attached to a carboxyl, the 
carboxyl will be expected to lose CO3 readily, as pyruvic acid, 
CH3 — CO — COOH, does when it is heated with dilute sulfuric 
acid, and this indeed happens with the trinitrobenzoic acid from 
which TNB is commonly prepared. TNB itself will be expected 
to exhibit some of the properties of an aldehyde, of which the 
aldehydic hydrogen atom is readily oxidized to an acidic hydroxyl 
group, and it is in fact oxidized to picric acid by the action of 
potassium ferricyanide in mildly alkaline solution. We shall see 
many examples of the same principle throughout the chemistry of 
the explosive aromatic nitro compounds. 

Trinitrobenzene is less sensitive to impact than TNT, more 
powerful, and more brisant. The detonation of a shell or bomb, 
loaded with TNB, in the neighborhood of buildings or other 
construction which it is desired to destroy, creates a more damag- 
ing explosive wave than an explosion of TNT, and is more likely 
to cause the collapse of walls, etc., which the shell or bomb has 
failed to hit. Drop tests carried out with a 5-kilogram weight 
falling upon several decigrams of each of the various explosives 
contained in a small cup of iron (0.2 mm, thick), covered with a 
small iron disc of the same thickness, gave the following figures 
for the distances through which the weight must fall to cause 
explosion in 50 per cent of the trials. 



Centimeters 



Trinitrobenzene 150 

Trinitrotoluene 110 

Hexanitrodiphenylamine ammonium salt . . 75 

Picric acid 65 

Tetryl 50 

Hexanitrodiphenylamine 45 



According to Dautriche, the density of compressed pellets of 
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TNB is as follows: 

Pressure: Kilos per Square Centimeter Density 
275 1.343 

685 1.523 

1375 1.620 

2060 1.641 

2750 1.654 

3435 1.662 

The greatest velocity of detonation for TNB which Dautriche 
found, namely 7347 meters per second, occurred when a column 
of 10 pellets, 20 mm. in diameter and weighing 8 grams each, 
density 1.641 or 1.662, was exploded in a paper cartridge by 
means of an initiator of 0.5 gram of mercury fulminate and 80 
grams of dynamite. The greatest which he found for TNT was 
7140 meters per second, 10 similar pellets, density 1.60, in a 
paper cartridge exploded by means of a primer of 0.5 gram of 
fulminate and 25 grams of dynamite. The maximum value for 
picric acid was 7800 meters per second; a column of pellets of the 
same sort, density 1.71, exploded in a copper tube 20-22 mm. in 
diameter, by means of a primer of 0.5 gram of fulminate and 
80 grams of dynamite. The highest velocity with picric acid in 
paper cartridges was 7645 meters per second with pellets of densi- 
ties 1.73 and 1.74 and the same charge of initiator. 

Velocity of detonation, other things being equal, depends upon 
the physical state of the explosive and upon the nature of the 
envelope which contains it. For each explosive there is an op- 
timum density at which it shows its highest velocity of detona- 
tion. There is also for each explosive a minimum priming charge 
necessary to insure its complete detonation, and larger charges 
do not cause it to explode any faster. Figures for the velocity of 
detonation are of little interest unless the density is reported or 
unless the explosive is cast and is accordingly of a density 
which, though perhaps unknown, is easily reproducible. The 
cordeau of the following table was loaded with TNT which was 
subsequently pulverized in sitn during the drawing down of the 
lead tube: 
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Meters per Second 



Cast trinitrobenzene 7441 

Casttetryl 7229 

Cast trinitrotoluene 7028 

Cast picric acid 6777 

Compressed trinitrotoluene (d. 0.909) . . 4961 

Compressed picric acid (d. 0.862) 4835 

Cordeau 6900 



Nitration of Chlorobenzene 

The nitration of chlorobenzene is easier than the nitration of 
benzene and more difficult than the nitration of toluene. Trinitro- 
chlorobenzene (picryl chloride) can be prepared on the plant 
scale by the nitration of dinitrochlorobenzene, but the process is 
expensive of acid and leads to but few valuable explosives which 
cannot be procured more cheaply and more simply from dinitro- 
chlorobenzene by other processes. Indeed, there are only two 
important explosives, namely TNB and hexanitrobiphenyl, for 
the preparation of which picryl chloride could be used advan- 
tageously if it were available in large amounts. In the laboratory, 
picryl chloride is best prepared by the action of phosphorus 
pentachloride on picric acid. 

During the early days of the first World War in Europe, elec- 
trolytic processes for the production of caustic soda were yielding 
in this country more chlorine than was needed by the chemical 



industries, and it was necessary to dispose of the excess. The 
pressure to produce toluene had made benzene cheap and 
abundant. The chlorine, which would otherwise have become a 
nuisance and a menace, was used for the chlorination of ben- 
zene. Chlorobenzene and dichlorobenzene became available, and 
dichlorobenzene since that time has been used extensively as an 
insecticide and moth exterminator. Dinitrodichlorobenzene was 
tried as an explosive under the name of parazol. When mixed 
with TNT in high-explosive shells, it did not detonate completely, 
but presented interesting possibilities because the unexploded 
portion, atomized in the air, was a vigorous itch-producer and 
lachrymator, and because the exploded portion yielded phosgene. 
The chlorine atom of chlorobenzene is unreactive, and catalytic 
processes*^ for replacing it by hydroxyl and amino groups had 

** Steam and silica gel to produce phenol from chlorobenzene, the Dow 

process with steam and a copper salt catalyst, etc. 

X4I ^ 

not yet been developed. In dinitrochlorobenzene, however, the 
chlorine is active. The substance yields dinitrophenol readily by 
hydrolysis, dinitroaniline by reaction with ammonia, dinitro- 
methylaniline more readily yet by. reaction with methylamine. 
These and similar materials may be nitrated to explosives, and 
the third nitro group may be introduced on the nucleus much 
more readily, after the chlorine has been replaced by a more 
strongly ortho~para orienting group, than it may be before the 
chlorine has been so replaced. Dinitrochlorobenzene thus has a 
definite advantage over picryl chloride. It has the advantage also 
over phenol, aniline, etc, (from chlorobenzene by catalytic proc- 
esses), that explosives can be made from it which cannot be 
made as simply or as economically from these materials. Tetryl 
and hexanitrodipheny famine are examples. The possibilities of 
dinitrochlorobenzene in the explosives industry have not yet been 
fully exploited. 

Preparation of Dinitrochlorobenzene, One hundred grams of chloro- 
benzene is added drop by drop to a mixture of 160 grams of nitric acid 
(d. 1.50) and 340 grams of sulfuric acid {d. 1.84) while the mixture is 
stirred mechanically. The temperature rises because of the heat of the 
reaction, but is not allowed to go above 50-55®. After all the chloro- 
benzene has been added, the temperature is raised slowly to 95® and is 
kept there for 2 hours longer while the stirring is continued. The upper 
layer of light yellow liquid solidifies when cold. It is removed, broken 
up under water, and rinsed. The spent acid, on dilution with water, 
precipitates an additional quantity of dinitrochlorobenzene. All the 
product is brought together, washed with cold water, then several times 
with hot water while it is melted, and finally once more with cold water 
under which it is crushed. Then it is, drained and allowed to dry at ordi- 
nary temperature. The product, melting at about 50®, consists largely 
of 2,4-dinitrochlorobenzene, m.p. 53.4®, along with a small quantity of 
the 2,6-dinitro compound, m.p. 87-88®. The two substances are equally 
suitable for the manufacture of explosives. They yield the same trinitro 
compound, and the same final products by reaction with methylamine, 
aniline, etc., and subsequent nitration of the materials which are first 
formed. Dinitrochlorobenzene causes a severe itching of the skin, both 
by contact with the solid material and by exposure to its vapors. 

Trinitrotoluene (TNT, trotyl, tolite, triton, tritol, trilite, etc.) 

When toluene is nitrated, about 96 per cent of the material 
behaves in accordance with the rule of Crum Brown and Gibson. 
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In industrial practice the nitration b commonly carried out in 
three stages, the spent acid from the trinitration being used for 
the next dinitration, the spent acid from this being used for the 
mononitration, and the spent acid from this either being fortified 
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the same considerations apply to trinitro«m -xylene (TNX) as 
apply to 2j4-dinitrotoluene — a little does no real harair— while the 
nitro derivatives of o~ and p-xylene are likely to form oils and 
are extremely undesirable. In ?n-nitrotoIuene, the nitro group 
inhibits further substitution, the methyl group promotes it, the 
two groups disagree in respect to the positions which they acti- 
vate, but substitution takes place under the orienting influence 
of the methyl group. 

J9-TNT or 2,3 ,4- trinitrotoluene (m.p. 112“) is the principal 
product of the nitration of m*ni tro toluene ^ y^NT or 2,4,5- 
triDitrotoluene (na,p. 104“) is present in smaller amount; and of 
^-TNT or 2j3,6-trinitrotoluene (m*p, 79.5“), the formation of 



which is theoretically possible and is indicated above for that 
reason, there ie not more tlian a trace.®^ During the trinitration a 
small amount of the a-TNT is oxidized to trinitrobenzoic acid, 
finally appearing in the finished product in the form of TNB, 
which, however, does no harm if it is present in small amount. At 
the same time some of the material is destructively oxidized and 
nitrated by the strong mixed acid to form tetranitrom ethane, 
which is driven off with the steam during the subsequent boiling 
and causes annoyance by its lachrymatory properties and un- 
pleasant taste. The product of the trinitration is separated from 
the spent acid while still molten, washed with boiling water until 
free from acid, and grained — ar, after less washing with hot 
water, subjected to purification by means of sodium sulfite. 



FtotJHB 40. TNT Manufacturing Building, Showing Barricadea and Safety 
Chutes. (Coufteay E. I. du Pont de Nemours and Company, Inc.) 
for use again or going to the acid-recovery treatment. The prin- 
cipal products of the first stage are o- (b.p. 222.3“) and p-nitro- 
toluene (m.p. 51.9“) in relative amounts which vary somewhat 
according to the temperature at which the nitration is carried out. 
During the dinitration, the para compound yields only 2,4-dinitro- 
toluene (m.p. 70“), while the ortho yields the 2,4- and the 2,6- 
{m.p. 60.5“). Both these in the trinitration yield 2,4,6-trinitro- 
toluene or 3-TNT. 2,4-Dinitrotoluene predominates in the 
product of the dinitration, and crude TNT generally contains a 
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small amount, perhaps 2 per cent, of this material w'hich has 
escaped further nitration. The substance is stable and less reac- 
tive even than a-TNT, and a small amount of it in the purified 
TNT, if insufficient to lower the melting point materially, is not 
regarded as an especially undesirable impurity. The principal 
impurities arise from the m-nitrotoluene (b.p. 230-231“) which is 
formed to the extent of about 4 per cent in the product of the 
mononitration. We omit discussion of other impurities, such as 
the nitrated xylenes which might be present in consequence of 
impurities in the toluene w'hich was used, except to point out that 



** 3,6-Dinitrotoluene, in which both nitro groups are meia to the methyl, 
is probably not formed during the dinitration, and 5- and e-TNT, namely 
3,4,5- and 2,3,5-trinitrotoluene, are not found among the final products of 
the nitration of toluene. 



In this country the crude TNT, separated from the wash water, 
is generally grained by running the liquid slowly onto the re- 
frigerated surface of an iron vessel which surface is continually 
scraped by mechanical means. In France the material is allowed 
to cool slowly under water in broad and shallow wooden tubs, 
while it is stirred slowly with mechanically actuated wooden 
paddles. The cooling is slow, for the only loss of heat is by radia- 
tion. The French process yields larger and flatter cry^stals, flaky, 
often several millimeters in length. The crystallized crude TNT 
is of about the color of brown sugar and feels greasy to the touch. 
It consists of crystals of practically pure a-TNT coated with an 
oily (low-melting) mixture of P- and y-TNT, 2,4-dinitrotoluene, 
and possibly TNB and TNX. It is suitable for many uses as an 
expletive, but not for high-explosive shells. The oily mixture of 
impurities segregates in the shell, and sooner or later exudes 
through the thread by w^hich the fuze is attached. The exudate is 
disagreeable but not particularly dangerous. The difficulty is that 
exudation leaves cavities within the mass of the charge, perhaps 
a central cavity under the booster which may cause the shell to 
fail to explode. There is also the possibility that the shock of 
setback across a cavity in the rear of the charge may cause the 
shell to explode prematurely while it is still within the barrel of 
the gun. 

removed from the crude TNT, 



The impurities may be 

with a corresponding improvement in the melting point and ap- 
pearance of the material, by washing the crystals with a solvent. 
On a plant scale, alcohol, benzene, solvent naphtha (mixed 
xylenes), carbon tetrachloride, and concentrated sulfuric acid 
have all been used. Among these, sulfuric acid removes diniiro- 
toluene most readily, and organic solvents the p- and y-TNT, 
but all of them dissolve away a portion of the «-TNT with result- 
ing loss. The material dissolved by the sulfuric acid is recovered 
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by diluting with water. The organic solvents are recovered by 
distillation, and the residues^ dark brown liquids known as “TNT 
nil,’^ are used in the manufacture of non-freezing dynamite* The 
best process of purification is that in which the crude TNT is 
agitated with a warm solution of sodium sulfite. A 5 per cent 
solution is used, as much by weight of the solution as there is of 
the crude TNT* The sulfite leaves the or-TNT (and any TNB, 
TNX, and 2, 4-din i trot oluene) unaffected, but reacts rapidly and 
completely with the and y-TNT to form red-colored materials 



In seeking for another reducing agent, the chemist bethought 
himself of sodium sulfite, which, however, does not act in this 
case as a reducing agent, and succeeded perfectly in removing 
the and y-TNT* 

The reaction consists in the replacement of the nitro by a 



fodium sulfonate group 



m-Methyltetryl, pale yellow, almost white, crystals from alcohol, 
m,p. 102“, w'as prepared in 1884 by van Romburgh by the nitra- 
tion of dimethyl-m-toluidine, and its structure was demonstrated 
fully in 1902 by Elanksma, who prepared it by the synthesis 
indicated on the next page* 

and y-TNT lose their active nitro group by the action of 
aqueous alkali and yield salts of dinitro-m-cresol. The mixed 
dinitro-m-cresola which result may be nitrated to trinitro-m- 
cresol, a valuable explosive. Their salts, like the picrates, are 
primary explosives and sources of danger, p- and y-TNT react 
with lead oxide in alcohol to form lead dinitrocresolates, while 
a-TNT under the same conditions remains unaffected. 

In plant-scale manufacture, TNT is generally prepared by a 



Fioure 47, Commercial Sample of Purified TNT (25X)* 
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which are readily soluble in w^ater. *\fter the reaction, the purified 
material is washed with water until the washings are colorless. 

Muraour believes the sulfite process for the purification of 
TNT to be an American invention. At any rate, the story of its 
discovery presents an interesting example of the consequences of 
Tvorking rightly with a wrong hypothesis. The nitro group in the 
m-position in p- and y-TNT is ortho ^ or ortho and pam, to two 
other nitro groups, and accordingly is active chemically. It is 
replaced by an amino group by the action of alcoholic ammonia 
both in tlie hot and in tlie cold, and undergoes similar reac- 
tions with hydrazine and wdth phenylhydrazine. It was hoped 
that it w'ould be reducetl more readily than the unactivated nitro 
groups of 3- or symmetrical TNT, and that tlie reduction products 
could be washed aw'ay with warm water. Sodium polysulfide was 
tried and did indeed raise the melting point, but the treated 
material contained finely divided *sulfur from which it could not 
easily he freed, and the polysulfide w^as judged to be unsuitable. 



+ MatSOi 



-h NaNOi 



three-stage process, but processes involving one and two nitra- 
tions have also been used* 

Preparofion o/ Triidtrotoluem (Three Stages). A mixture of 294 
grams of concentrated sulfuric acid (d. 1.84) and 147 grams of nitric 
acid (d. 1.42) is added slowly from a dropping funnel to 100 grams of» 
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toluene in a tall 600-cc. beaker, while the liquid is stirred vigorously 
with an electric stirrer and its temperature is maintained at 30* to 40* 
by running cold water in the vessel in which the beaker is standing. 
The addition of acid will require from an hour to an hour and a half. 
The stirring is then continued for half an hour longer without cooling; 
the mixture is allowed to stand over night in a separatory funnel; the 
lower layer of spent acid is drawn off; and the crude mononitrotoluene 
is weighed. One-half of it, corresponding to 50 grams of toluene, is taken 
for the dinitration. 

The mononitrotoluene (MNT) is dissolved in 109 grams of concen- 
trated sulfuric acid (d, 1.84) while the mixture is cooled in running 
water. The solution in a tall beaker is wanned to 50®, and a mixed acid, 
composed of 54.5 grams each of nitric acid (d. 1,50) and sulfuric acid 
(d. 1.84), is added slowly drop by drop from a dropping funnel while 
the mixture is stirred mechanically. The heat generated by the reac- 
tion raises the temperature, and the rate of addition of the acid is regu- 
lated so that the temperature of the mixture lies always between 90" 
and 100". The addition of the acid will require about 1 hour. After the 
acid has been added, the mixture is stirred for 2 hours longer at 90-100" 
to complete the nitration. Two layers separate on standing. The upper 
layer consists largely of dinitrotoluene (DNT), but probably contains 
a certain amount of TNT. The trinitration in the laboratory is con- 
veniently carried out without separating the DNT from the spent acid. 

While the dinitration mixture is stirred actively at a temperature of 
about 90", 145 grams of fuming sulfuric acid {oUutn containing 15 per 
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cent free SO,) is added slowly by pouring from a beaker. A acid, 
composed of 72,5 grams each of nitric acid (d. 1.50) and 15 per cent 
oleum, is now added drop by drop with good agitation while the heat of 
the reaction maintains the temperature at 100-115". After about three- 
quarters of the acid has been added, it will be found necessary to apply 
external heat to maintain the temperature. After all the acid has been 
added (during 1 Vi to 2 hours), the heating and stirring are continued 
for 2 hours longer at 100-115". After the material has stood over* night, 
the upper TNT layer will be found to have solidified to a hard cake, and 
the lower layer of spent acid to be filled with crystals. The acid is fil- 
tered through a Buchner funnel (without filter paper), and the cake is 
broken up and washed with w’ater on the same filter to remove excess 
of acid. The spent acid contains considerable TNT in solution; this is 
precipitated by pouring the acid into a large volume of water, filtered 
off, rinsed with water, and added to the main batch. All the product is 
washed three or four times by agitating it vigorously with hot water 
under which it is melted. After the last washing, the TNT is granulated 
by allowing it to cool slowly under hot water while the stirring is con- 
tinued. The product, filtered off and dried at ordinary t^perature, is 
equal to a good commercial sample of crude TNT. It may be purified by 
dissolving in warm alcohol at 60" and allowing to cool slowly, or it may 
be purified by digesting with 5 times its weight of 5 per cent sodium 
hydrogen sulfite solution at 90" for half an hour with vigorous stirring, 
washing with hot water until the washings are colorless, and finally 
granulating as before. The product of this last treatment is equal to a 
good commercial sample of purified TNT. Pure a-TNT, m.p. 80.8®, may 
be procured by recrystallizing this material once from nitric acid (d. 
1.42) and once from alcohol. 

Several of the molecular compounds of TNT with organic bases 
are listed below. TNT and diphenylamine give an orange-brown 
color when warmed together or when moistened with alcohol, and 
the formation of a labile molecular compound of the two sub- 
stances has been demonstrated. 

The compound of TNT with potassium methylate is a dark red 
powder which inflames or explodes when heated to 130-150®, and 
has been reported to explode spontaneously on standing at ordi- 
nary temperature. An aqueous solution of this compound, on the 
• addition of copper tetrammine nitrate, gives a brick-red precipi- 



tate which, when dry, detonates violently at 120®. Pure TNT 



Molbcular Pbopobtions 
TNT: Substance 

1 : 1 Aniline 

1 : 1 Dimethyianiline 

I : 1 o-Toluidine. . . . r 

1 : 1 m-Toluidine 

1 : 1 o-Naphthylamine 

1 : 1 ^Ni^hthylamine 

1 : 1 i^Aoetnaphthalide 

1 : 1 Bensyl-^-naphthylamine 

1 : 1 Dibensy!-i9-naphthylamine 

2 : 1 Bensaldehydephenylhydrazone 

1 : 1 2-Methylindole 

3:2 Carbasoie 

1 : 1 Carbasoie 



M.P. USSCRIPTION 



83-84*" Long brilliant red needles. 

Violet needles. 

53-55" Light red needles. 

62-63" Light red needles. 

141 . 5" Dark red needles. 

113.5" Bright red prismatic needles. 
106" Yellow needles. 

106 . 5" Brilliant crimson needles. 

108" Deep brick-red needles. 

84" Dark red needles. 

110" Yellow needles. 

160" Yellow needles. 

140-200" Dark yellow needles. 



explodes or inflames when heated to about 230®, but Dupre 
found that the addition of solid caustic potash to TNT at 160® 
caused immediate inflammation or explosion. A mixture of pow- 
dered solid caustic potash and powdered TNT inflames when 
heated, either slowly or rapidly, to 80®. A similar mixture with 
caustic soda inflames at 80® if heated rapidly, but may be heated 
to 200® without taking fire if the heating is slow. If a small 
fragment of solid caustic potash is added to melted TNT at 100®, 
it becomes coated with a layer of reaction product and nothing 
further happens. If a drop of alcohol, in which both TNT and 
KOH are soluble, is now added, the material inflames within a 
few seconds. Mixtures of TNT with potassium and sodium car- 
bonate do not ignite when heated suddenly to 100®. 

Since the methyl group of TNT is attached to a picryl group, 
we should expect it in some respects to resemble the methyl group 
of a ketone. Although acetone and other methyl ketones bromi- 
nate with great ease, TNT does not brominate and may even be 
recrystallized from bromine. The methyl group of TNT, however, 
behaves like the methyl group of acetone in certain condensation 
reactions. In the presence of sodium carbonate TNT condenses 
with p-nitrosodimethylaniline to form the dimethylaminoanilide 
of trinitrobenzaldehyde, from which trinitrobenzaldehyde and 
N,N-dimethyl-p-diaminobenzene are produced readily by acid 
hydrolysis. 151 



NO, 



NO. 



no<I^c|„o>n<3^nQ^ 






PH, 



NO. 



NO, 




NH. 



If a drop of piperidine is added to a pasty mixture of TNT and 
benzaldehyde, the heat of the reaction is sufi5cient to cause the 
material to take fire. The same substances in alcohol or benzene 
solution condense smoothly in the presence of piperidine to form 
trinitrostiibene. 




Preparation of TrinitrostUbene, To 10 grams of TNT dissolved in 25 
CO. of benzene in a 100-cc. round-bottom flask equipped with a reflux 
condenser, 6 cc. of benzaldehyde and 0.5 cc. of piperidine are added, 
and the mixture is refluxed on the water bath for half an hour. The» 
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material, while still hot, is poured into a beaker and allowed to cool and 
crystallize. The crystals, collected on a filter, are rinsed twice with alcohol 
and recrystallized from a mixture of 2 volumes of alcohol and 1 of 
benzene. Brilliant yellow glistening needles, m.p. 158®. 

Trinitrotoluene, in addition to the usual reactions of a nitrated 
hydrocarbon with alkali to form dangerous explosive materials, 
has the property that its methyl group in the presence of alkali 
condenses with aldehydic substances in reactions which produce 
heat and which may cause fire. Aldehydic substances from the 
action of nitrating acid on wood are always present where TNT 
is being manufactured, and alkali of all kinds ought to be ex- 
cluded rigorously from the premises. 

Giua reports that TNT may be distilled in vacuum without 
the slightest trace of decomposition. It boils at 210-212° at 10-20 

mm. When heated for some time at 180-200°, or when exposed to 
1* u 152 

sunlight in open tubes, it undergoes a slow decomposition with 
a consequent lowering of the melting point. Exposure to sunlight 
in a vacuum in a sealed tube has much less effect. Verola- has 
found that TNT shows no perceptible decomposition at 150°, but 
that it evolves gas slowly and regularly at 180°. At ordinary 
temperatures, and even at the temperatures of the tropics, it is 
stable in light-proof and air-tight containers — as are in general 
all the aromatic nitro explosives— and it does not require the 
same surveillance in storage that nitrocellulose and smokeless 
powder do. 

The solubility of trinitrotoluene in various solvents is tabu- 
lated below. 

Solubility of Thinitbotolubnb 



(Grams per 100 grams of solvent) 



Temp. 


Water 


ecu 


Ben- 

zene 


Tolu- 

ene 


Ace- 

tone 


95% 

Alcohol 


CHCU 


Ether 


0® 


0.0100 


0.20 


13 


28 


57 


0.65 


6 


1.73 


5® 


0.0105 


0.25 


24 


32 


66 


0.75 


8.5 


2.08 


10® 


0.0110 


0.40 


36 


38 


78 


0.85 


11 


2.45 


15® 


0.0120 


0.50 


50 


45 


92 


1.07 


15 


2.85 


20® 


0.0130 


0.65 


67 


55 


109 


1.23 


19 


3.29 


25® 


0.0150 


0.82 


88 


67 


132 


1.48 


25 


3.80 


30® 


0.0175 


1.01 


113 


84 


156 


1.80 


32.5 


4.56 


35® 


0.0225 


1.32 


144 


104 


187 


2.27 


45 




40® 


0.0285 


1.75 


180 


130 


228 


2.92 


66 




45® 


0.0360 


2.37 


225 


163 


279 


3.70 1 


101 




50® 


0.0475 


3.23 


284 


208 


346 


4.61 


150 




55® 


0.0570 


4.55 


361 


272 


' 449 


6.08 


218 




60® 


0.0675 


6.90 


478 


367 


600 


8.30 


302 




65® 


0.0775 


11.40 


665 


525 


843 


11.40 


442 




70® 


0.0875 


17.35 


1024 


826 


1350 


15.15 






76® 


0.0975 


24.35 


2028 


1685 


2678 


19.50 






80® 


0.1075 
















85® 


0.1175 
















90® 


0.1275 
















95® 


0.1375 
















100® 


0.1475 

















Dautriche found the density of powdered and compressed TNT 
to be as follows: 



Prbssurb: Kilos pbb Souabb Cbntimbtbr Dsnsitt 
275 1 320 

685 1.450 

^375 1.558 

2060 1 584 



2750 


1.599 


3435 


1.602 


4125 


1.610 



Trinitrotoluene was prepared by Wilbrand in 1863 by the 
nitration of toluene with mixed acid, and in 1870 by Beilstein 
and Kuhlberg by the nitration of o- and p-nitrotoluene, and by 
Tiemann by the nitration of 2,4-dinitrotoluene. In 1891 Haus- 
sermann with the Griesheim Chem. Fabrik undertook its manu- 
facture on an industrial scale. After 1901 its use as a military 
explosive soon became general among the great nations. In the 
first World AVar all of them were using it. 

Trinitroxylene (TNX) 

In m-xylene the two methyl groups agree in activating the 
same positions, and this is the only one of the three isomeric 
xylenes which can be nitrated satisfactorily to yield a trinitro 
derivative. Since the three isomers occur in the same fraction of 
coal tar and cannot readily be separated by distillation, it is 
necessary to separate them by chemical means. When the mixed 
xylenes are treated with about their own weight of 93 per cent 
sulfuric acid for 5 hours at 50°, the o-xylene (b.p. 144°) and the 
m -xylene (b.p. 138.8°) are converted into water-soluble sulfonic 
acids, while the p-xylene (b.p. 138.5°) is unaffected. The aqueous 
phase is removed, diluted with water to about 52 per cent acidity 
calculated as sulfuric acid, and then heated in an autoclave at 
130° for 4 hours. The m-xylene sulfonic acid is converted to 
m-xylene, which is removed. The o-xylene sulfonic acid, which 
remains in solution, may be converted into o-xylene by autoclav- 
ing at a higher temperature. The nitration of m-xylene is con- 
veniently carried out in three steps. The effect of the two methyl 

154 . . 

groups 18 so considerable that the introduction of the third nitro 
group may be accomplished without the use of fuming sulfuric 
acid. Pure TNX, large almost colorless needles from benzene, 
melts at 182.3°. 

Trinitroxylene is not powerful enough for use alone as a high 
explosive, and it does not always communicate an initial detona- 
tion throughout its mass. It is used in commercial dynamites, for 
which purpose it does not require to be purified and may contain 
an oily mixture of isomers and other nitrated xylenes. Its large 
excess of carbon suggests that it may be used advantageously in 
conjunction with an oxidizing agent. A mixture of 23 parts of 
TNX and 77 parts of ammonium nitrate, ground intimately to- 
gether in a black powder mill, has been used in high -explosive 
shells. It was loaded by compression. Mixtures, about half and 
half, of TNX with TNT and with picric acid are semi^solid when 
warm and can be loaded by pouring. The eutectic of TNX and 
TNT contains between 6 and 7 per cent of TNX and freezes at 
73.5°. It is substantially as good an explosive as TNT. A mixture 
of 10 parts TNX, 40 parts TNT, and 50 parts picric acid can be 
melted readily under water. In explosives such as these the TNX 
helps by lowering the melting point, but it also attenuates the 
power of the more powerful high explosives with which it is 
mixed. On the other hand, these mixtures take advantage of the 
explosive power of TNX, such as that power is, and are them- 
selves sufficiently powerful and satisfactory for many purposes — 
while making use of a raw material, namely m-xylene, which is 
not otherwise applicable for use in the manufacture of military 
explosives. 

Nitro Derivatives of Naphthalene 

Naphthalene nitrates more readily than benzene, the first nitro 
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group taking the a-position which is ortho on one nucleus to the 
side chain which the other nucleus constitutes. The second nitro 
group takes one or another of the expected positions, either the 
position meta to the nitro group already present or one of the 
a-positions of the unsubstituted nucleus. The dinitration of 
naphthalene in actual practice thus produces a mixture which 
consists almost entirely of three isomers. Ten different isomeric 
dinitronaphthalenes are possible, seven of which are derived from 
a-nitronaphthalene, seven from )3-nitronaphthalene, and four 

155 

from both the a- and the )9-compounds. After two nitro groups 
have been introduced, conflicts of orienting tendencies arise and 
polynitro compounds are formed, among others, in which nitro 
groups occur ortho and paro to one another. Only four nitro 
groups can be introduced into naphthalene by direct nitration. 

The mononitration of naphthalene takes place easily with a 
mixed acid which contains only a slight excess of one equivalent 
of HNO 3 . 




For the di-, tri-, and tetranitrations increasingly stronger 
acids and higher temperatures are necessary. In the tetranitration 
oleum is commonly used and the reaction is carried out at 130®. 

The nitration of a-nitronaphthalene (m.p. 59-60®) yields a 
mixture of a- or 1,5-dinitronaphthalene (silky needles, m.p. .216®) , 
p- or 1,8-dinitronaphthalene (rhombic leaflets, m.p. 170-172®), 
and Y“ or 1,3-dinitronaphthalene (m.p. 144-145®). 



NO, NO, NO, NO, 




NO, 

a- y 

The commercial product of the dinitration melts at about 140®, 
and consists principally of the a- and )3-compounds. The nitra- 
tion of naphthalene at very low temperatures, —50® to —60®, 
gives good yields of the y- compound, and some of this material 
is undoubtedly present in the ordinary product. 

The nitration of a-dinitronaphthalene yields a- or 1,3,5-tri- 
nitronaphthalene (monoclinic crystals, m.p. 123®), y- or 1,4,5- 
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trinitronaphthalene (glistening plates, m.p. 147®), and 8- or 
1,2,5-trinitronaphthalene (m.p. 112-113®) . The nitration of )3-dini- 
tronaphthalene yields or 1, 3,8-trinit ronaphthalene (monoclinic 
crystals, m.p. 218®), and the same substance, along with some 
a-trinitronaphthalene, is formed by the nitration of y-dinitro- 
naphthalene. 




-y- *- 



All these isomers occur in commercial trinitronaphthalene, known 
as naphtitCf which melts at about 110®. 

The nitration of a-, and y-trinitronaphthalene yields y- or 



l, 3,5,8-tetranitronaphthalene (glistening tetrahedrons, m.p. 194- 
195®). The nitration of the ^-compound also yields p- or 1, 3,6,8- 
tetranitronaphthalene (m.p. 203®), and that of the 8-trinitro 
compound yields 8- or 1,2,5,8-tetranitronaphthalene (glistening 
prisms which decompose at 270® without melting), a substance 
which may be formed also by the introduction of a fourth nitro 
group into y-trinitronaphthalene. The nitration of 1,5-dinitro- 
naphthalene yields a-tetranitronaphthalene (rhombic crystals, 

m. p. 259®) (perhaps 1,3,5,7-tetranitronaphthalene), and this sub- 
stance is also present in the crude product of the tetranitration, 
which, however, consists largely of the y-, and 5-isomers. 





I- 



The crude product is impure and irregular in its appearance ; it is 
commonly purified by recrystallization from glacial acetic acid 
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The purified material consists of fine needle crystals which melt 
at about 220® and have the clean appearance of a pure substance 
but actually consist of a mixture of isomers. 

None of the nitrated naphthalenes is very sensitive to shock. 
a-Nitronaphthalene is not an explosive at all and cannot be 
detonated. Dinitronaphthalene begins to show a feeble capacity 
for explosion, and trinitronaphthalene stands between dinitro- 
benzene and dinitro toluene in its explosive power. Tetranitro- 
naphthalene is about as powerful as TNT, and distinctly less 
sensitive to impact than that explosive. Vennin and Chesneau 
report that the nitrated naphthalenes, charged in a manometric 
bomb at a density of loading of 0.3, gave on firing the pressures 
indicated below. 



Kilos per Square Centimeter 



Mononitronaphthalene 1208 

Dinitronaphthalene 2355 

Trinitronaphthalene 3275 

Tetranitronaphthalene 3745 



The nitrated naphthalenes are used in dynamites and safety ex- 
plosives, in the Favier powders, grisouniteSf and naphtalites of 
France, in the cheddites which contain chlorate, and for military 
purposes to some extent in mixtures with ammonium nitrate or 
with other aromatic nitro compounds. Street, who proposed 
their use in cheddites, also suggested a fused mixture of mono- 
nitronaphthalene and picric acid for use as a high explosive. 
Schneiderite, used by France and by Italy and Russia in shells 
during the first World War, consisted of 1 part dinitronaphthalene 
and 7 parts ammonium nitrate, intimately incorporated together 
by grinding in a black powder mill, and loaded by compression. 
A mixture (MMN) of 3 parts mononitronaphthalene and 7 parts 
picric acid, fused together under water, was used in drop bombs 
and was insensitive to the impact of a rifle bullet. A mixture 
(MDN) of 1 part dinitronaphthalene and 4 parts picric acid 
melts at about 105-110®; it is more powerful than the preceding 

and is also less sensitive to shock than picric acid alone. The 
.. ^ . 158 

Germans used a mine explosive consisting of 56 per cent potas- 
sium perchlorate, 32 per cent dinitrobenzene, and 12 per cent 
dinitronaphthalene. Their Tri-Trinal for small-caliber shells 
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was a compressed mixture of 2 parts of TNT (Tri) with 1 of 
trinitronaphthalene (Trinal), and was used with a booster of 
compressed picric acid. 

Trinitronaphthalene appears to be a genuine stabilizer for 
nitrocellulose, a true inhibitor of its spontaneous decomposition. 
Marqueyrol found that a nittocellulose powder containing 10 per 
cent of trinitronaphthalene is as stable as one which contains 2 
per cent of diphenylamine. The trinitronaphthalene has the fur- 
ther effect of reducing both the hygroscopicity and the tempera- 
ture of combustion of the powder. 

Hexanitrobiphenyl 

2,2',4,4',6,6'-Hexanitrobiphenyl was first prepared by Ullmann 
and Bielecki by boiling picryl chloride in nitrobenzene solution 
with copper powder for a short time. The solvent is necessary in 
order to moderate the reaction, for picryl chloride and copper 
powder explode when heated alone to about 127®. Ullmann and 
Bielecki also secured good yields of hexanitrobiphenyl by work- 
ing in toluene solution, but found that a small quantity of tri- 
nitrobenzene was formed (evidently in consequence of the pres- 
ence of moisture) . Hexanitrobiphenyl crystallizes from toluene in 
light-yellow thick crystals which contain Vo molecule of toluene 
of crystallization. It is insoluble in water, and slightly soluble in 
alcohol, acetone, benzene, and toluene, m.p. 263°. It gives a yel- 
low color with concentrated sulfuric acid, and a red with alcohol 
to which a drop of ammonia water or aqueous caustic soda has 
been added. It is neutral, of course, and chemically unreactive 
toward metals, and is reported to be non-poisonous. 

Hexanitrobiphenyl cannot*’*® be prepared by the direct nitration 

*®The effect may be steric, although there is evidence that the dinitro- 
phenyl group has peculiar orienting and resonance effects. Rinkenbach and 
Aaronson, 7. Am. Chem. Soc., 52, 5040 (1930), report that «ym-diphenyl- 
ethane yields only very small amounts of hexanitrodiphenylethane imder 
the most favorable conditions of nitration. 
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of biphenyl. The most vigorous nitration of that hydrocarbon 
yields only 2,2',4,4'-tetranitrobiphenyl, yellowish prisms from 
benzene, m.p. 163®. 

Jahn in a patent granted in 1918 states that hexanitrobi- 
phenyl is about 10 per cent superior to liexanitrodiphenylamine. 
Fifty grams in the lead block produced a cavity of 1810 cc., while 
the same weight of hexanitrodiphenylamine produced one of 1630 
cc. Under a pressure of 2500 atmospheres, it compresses to a 
density of about 1.61. 

Picric Acid (melinite, lyddite, pertite, shimose, etc.) 

The ortho-para orienting hydroxyl group of phenol promotes 
nitration greatly and has the further effect that it ‘‘weakens^^ the 
ring and makes it more susceptible to oxidation. Nitric acid at- 
tacks phenol violently, oxidizing a portion of it to oxalic acid, 
and produces resinous by-products in addition to a certain 
amount of the expected nitro compounds. The carefully con- 
trolled action of mixed acid on phenol gives a mixture of o-nitro- 
phenol (yellow crystals, m.p. 45°, 'volatile with steam) and 
p-nitrophenol (w'hite crystals, m.p. 114°, not volatile with steam), 
but the yields are not very good. When these mononitrophenols 
are once formed, their nitro groups ‘^activate” the same positions 
as the hydroxyls do, but the nitro groups also inhibit substitution, 
and their further nitration may now be carried out more smoothly. 
p-Nitrophenol yields 2,4-dinitrophenol (m.p. 114-115°), and later 
picric acid. o-Nitrophenol yields 2,4- and 2,6-dinitrophenol (m.p. 



63-64°), both of which may be nitrated to picric acid, but the 
nitration of o-nitrophenol is invariably accompanied by losses 
resulting from its volatility. The straightforward nitration of 
phenol cannot be carried out successfully and with satisfying 
yields. In practice the phenol is sulfonated first, and the sulfonic 
acid is then nitrated. The use of sulfuric acid (for the sulfona- 
tion) in this process amounts to its use as an inhibitor or mod- 
erator of the nitration, for the meta orienting sulfonic acid group 
at first slows down the introduction of nitro groups until it is 
itself finally replaced by one of them. 

160 




The sulfonation of phenol at low temperatures produces the 
o-sulfonic acid, and at high temperatures the p-sulfonic acid 
along with more or less of the di- and even of the trisulfonic acids 
according to the conditions of the reaction. All these substances 
yield picric acid as the final product of the nitration. 

Unless carefully regulated the production of picric acid from 
phenol is accompanied by losses, either from oxidation of the 
material with the production of red fumes which represent a loss 
of fixed nitrogen or from over sulfonation and the loss of uncon- 
verted w’ater-soluble nitrated sulfonic acids in the mother liquors. 
Olsen and Goldstein have described a process which yields 220 
parts of picric acid from 100 parts of phenol. In France, ’where 
dinitrophenol was used during the first World War in mixtures 
with picric acid which were loaded by pouring, Marqueyrol and 
his associates have worked out the details of a four-stage 
process from the third stage of which dinitrophenol may be re- 
moved if it is desired. The steps are: (1) sulfonation; (2) nitration 
to the w’ater-soluble mononitrosulfonic acid; (3) nitration to 
dinitrophenol, which is insoluble in the mixture and separates out, 
and to the dinitrosulfonic acid which remains in solution; , and 
(4) further nitration to convert either the soluble material or 
both of the substances to picric acid. The process is economical 
of acid and gives practically no red fumes, but the reported 
yields are inferior to those reported by Olsen and Goldstein. The 

dinitrophenol as removed contains some picric acid, but this is of 
no disadvantage because the material is to be mixed with picric 
acid anyway for use as an explosive. 

Preparation of Picric Add (Standard Method). Twenty-five grams of 
phenol and 25 grams of concentrated sulfuric acid (d. 1.84) in a round- 
bottom flask equipped with an air condenser are heated together for 
6 hours in an oil bath at 120®. After the material has cooled, it is 
diluted with 75 grams of 72 per cent sulfuric acid (d. 1.64). To the 
resulting solution, in an Erlenmeyer flask in the hood, 175 cc. of 70 per 
cent nitric acid (d. 1.42) is added slowly, a drop at a time, from a drop- 
ping funnel. When all the nitric acid has been added and the vigorous 
reaction has subsided, the mixture is heated for 2 hours on the steam 
bath to complete the nitration. The next morning the picric acid will 
be found to have Separated in crystals. These are transferred to a 
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Ficl'be 43. Commercial Sample of Picric Acid f25X>. 



porcelain filter^ washed with small portions of water until the washings 
are free from sulfate, and dried in the air. The crude product, which ia 
equal in quality to a good commercial sample, is purified by boiling it 
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with water, in the proportion of 15 grams to the liter, filtering hot, and 
allowing to cool slowly. The heavy droplets of browm oil which cHeeolve 
only slowly during this boiling ought to be discarded. Pure picric acid 
crystallizes from water in pale yellow flat needles, m.p, 122.5®. It may 
be obtained in crj^stals which are almost white by recrystallizing from 
aqueous hydrochloric acid. 

The best process for the production of dinitropbenol is prob- 
ably the autoclaving of dinitroch loro benzene with aqueous caustic 
soda. The product is obtained on acidification and is used as 
such, or is nitrated to picric acid for the commercial production 
of that material by the so-called synthetic process. 

The “catal>^ic process^^ for the production of picric acid di- 
rectly from benzene in one step by the action of nitric acid in the 
presence of mercuric nitrate has much theoretical interest and 
has been applied, though not extensively^ in plant-scale manufac- 
ture. It yields about as much picric acid as ia procurable from the 
same weight of benzene by the roundabout method of sulfonating 
the benzene, converting the benzene sulfonic acid into phenol, 
and nitrating the phenol to picric acid — and the benzene which is 
not converted to picric acid is for the most part recovered as such 
or as nitrobenzene. The first mention of the process appears to be 
in the patent of Wolff enstein and Boeters. 

Preparation of Picric Acid (Catalytic Process). Two hundred grams 
of benzene in a 2-liter round-bottom fl^slc equipped with a sealed-on 
condenser is refluxed cm the sand bath for 7 hours with 600 cc. of nitric 
acid (d. 1.42) in which 10 grams of mercuric nitrate has been dissolved. 
The material is then transferred to another flask and distilled with 
steam. Benzene comes over, then nitrobenzene, then finally and slowly 
a mixture of dinitrobenzene and dinitropbenol. The distillation is con- 
tinued until all volatile matter has been removed. The liquid in the 
flask is filtered hot and allow^ed to cryitailize. If the picric acid ia not 
sufficiently pure, it is recry at allbed from hot water. 

Mercuric nitrate combines with benzene to form a deep-brown 
or black addition compound, the probable structure of which is 
^ indicated below. This material when 'warmed with nitric acid is 



oxidized with the production of red fumes and the formation of 
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a yellow nitrophenolatc of mercuric nitrate. By the continued 
action of the acid this is nitrated to the trinitrophenolate and 
decorapoBcd with the formation of picric acid and the regenera- 
tion of mercuric nitrate. 




The addition of mercuric nitrate is here written as a 1,4-addition, 
but 1,2-addition would give the same final product, and there is 
no evidence in the facts concerning benzene which enables us to 
choose between the alternative hypotheses. Toluene yields tri- 
nitro-m-cresol by a similar aeries of reactions, and it is clear that 
the nitro group in the addition product of mercuric nitrate and 
toluene baa taken either the 2-, the 4-^ or the 6-position, that is, 
one or the other of the positions activated by the methyl group. 
In the addition of mercuric nitrate to naphthalene, the nitro 
group correspondingly may be supposed to go to the active 
a-position. If the addition is 1,2-, the product on oxidation will 
yield a derivative of /?-naphthol. If it is 1,4-, it will yield a 
derivative of x-napbthol. The two possibilities are indicated below. 



Ob'”- 



HKOi 

/VXvOHgONO, 



NO) 




H NOi 

CO 



NO. 



H OHgONO, 




KO» 

00 - 

OH 



Gentle treatment of naphthalene with nitric acid containing 
mercuric nitrate yields, 2,4-dinitro-tx-naphthol in conformity 
with the belief that the first addition product ia 1,4- as repre- 
sented by the second of the above formulations. 

Picric acid was obtained in 1771 by Woulff, who found that 
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the action of nitric acid on indigo yielded a material which dyed 
silk yellow. Hausmann isolated the substance in 1778, and 
reported further studies upon it in 1788, noting particularly its 
bitter taste. Welter in 1799 obtained picric acid by the action of 
nitric acid on silk, and the material came to be know-n generally 
as ''Welter's bitter.'^ Its preparation from indigo, aloes, resin, 
and other organic substances was studied by many chemists, 
among them Fourcroy and Vauquelin, ChevreuI, Liebig, Wohler, 
Robiquet, Piria, Delalande, and S ten house. Its preparation from 
oil of eucalyptus ivas suggested during the first World War. It 
was given the name of acide picriqiie by Dumas; c/. Greek 
TiKpGt = bitter, old English puckery. Its relation to phenol was 
demonstrated in 1841 by Laurent, who prepared it by the nitra- 
tion of that substance, and its structure was proved fully by 
Hepp, who procured it by the oxidation of ^vm-trinitrobenzene. 

Picric acid is a strong acid ; it decomposes carbonates and may 
be titrated with bases by the use of sodium alizarine sulfonate 
as an indicator. It is a fast yellow dye for silk and wool. It at- 
tacks the common metals, except aluminum and tin, and produces 
dangerously explosive salts. Cordeau LheurCf which was Jong* 
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ii&ed extensively in France, was made hy filling a tin pipe with 
fused picric acid and later drawing down to the desired diameter. 
It had the disadvantage that the metal suffered from the ^'tin 
disease/' became unduly brittle, and changed to its gray alio- 
tropic modification. Picric acid and nitrophenoU, when used in 
ammunition, are not allowed to come in contact with the metal 
parts. Shells which are to be loaded with these explosives are 
first plated on the inside with tin or painted with asphaltura 
varnish or Bakelite. 

Dupre in 1901 reported experiments which indicated that the 
picrates of calcium, Jead| and zinc, formed in &itu from melted 
picric acid are capable of initiating the explosion of that material. 
Kast found that the dehydrated picrates are more sensitive than 
those which contain water of crystallization. The data tabulated 
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below have been published recently by J. D. Hopper, Explosion 
temperature was determined as the temperature necessary to 
cause ignition or explosion in exactly 5 seconds when a thin* 
walled copper shell containing a few milligrams of the explosive 
was dipped into a molten metal bath to a constant depth. The 
minimum drop test waa taken as the least distance through which 
a 2-kilogram weight must fall, in a standard apparatus, to 
produce detonation or ignition in one or more instances among ten 
trials. 









Minimum 


Exflo- 




Degree 


Tempera- 


Drop Test 


etOH 




or 


TUEE aw 


2-eii.o 


Tempera- 




Hti>ra- 


Drting, 


Weight, 


TURE, 


SVBBTANCI 


TION 


“C. 


Inches 


“C. 


Mercury fulminate ... 


. Anhydrous 


. . . 


2 


210 


Tetryl 


. Anhydrous 




8 


260 


TNT 


. Anhydrous 




14 


470 


Picric acid 


. Anhydrous 




14 


m 


Ammonium picrate ...... 


. Anhydrous 




17 


320 


Sodiimt picrate 


. 1 H/) 


50 


17 


360 


Sodium picrate .......... 


. Anhydrous 


150 


15 




Sodium dinitrophenolate . 


, 1 H.0 


100 


16 


370 


Sodium dinitrophenolate . 


. Anhydrous 


150 


15 




Copper picrate 


. 3 


25 


19 


300 


Copper picrate 


. Anhydrous 


ISO 


12 




Zinc picrate. 


. S H,0 


25 


34 


310 


Zinc picrate 


. Anhydrous 


150 


12 


. . . 


Cadmium picmte. ....... 


, 8 


25 




340 


Cadmium picrate. 


. Anhydrous 


150 


12 




Nickel picrate. 


. 0 H/> 


25 


26 


390 


Nlckd picrate. 




100 


9 




Nickel picrate. .......... 


. Anhydrous 


150 


4 




Aluminum picrate 


. 10 


25 


36 


360 


Aluminum picrate 


. 2 H,0 


SO 


16 




Ajiiminum picrate. 




100 


10 




Chromium picrate 


. 13 HiO 


25 


36 


330 


Chromium picrate 




80 


10 




Chromium picrate 


. 1 


100 


8 




Fettous picmte. ......... 


g 


25 


36 


310 


Ferrous picrate. ......... 




100 


14 




Ferric picrate. 


. E 


25 


36 


295 


Ferric iterate ........... 




SO 


8 




Ferric picrate 


. .... 


100 


7 




Ferric picrate ........... 





150 


6 





Cast picric acid has a density of about 1.64. The density of 
pellets of compressed picric acid, according to Dautriche, is as 
follows. 



pHisstrna: Ko/os pb» Square; Ckntjuitrb DEHSirr 

275 1.315 

S85 1.480 



1375 


1.614 


2060 


1.672 


2750 


1.714 


3435 


1.731 


4125 


1.740 



The use of picric acid as an explosive appears to have been 
suggested first in 1S67 by Borlinetto, who proposed a mixture of 
picric acid 35 per cent, sodium nitrate 35 per cent, and potassium 
chromate 30 per cent for use in mining. Sprengel in 1873 reported 
that picric acid in conjunction with suitable oxidizing agents is 
a powerful explosive. In 1885 Turpin patented its use, both 
compressed and cast, in blasting cartridges and in shells, and 
shortly thereafter the French government adopted it under the 
name of me/ini£e. In 1S8S Great Britain commenced to use it 
under the name of fpdd/fe. Cast charges require a booster, for 
which purpose compressed picric acid or tetryl is generally used. 
The loading of picric acid into shells by pouring is open to two 
objections, which, however, are not insuperable, namely, the 
rather high temperature of the melt and the fact that large 
crystals are formed which may perhaps cause trouble on setback. 
Both difficulties are met by adding to the picric add another 
explosive substance which lowers its melting point. Mixtures are 
preferred which melt between 70^ and 100®, above 70“ in order 
that exudation may be less likely and below 100“ in order that 
the explosive may be melted by hot water. The mixtures are not 
necessarily eutectics. Two of the favorite French explosives have 
been DD 60/40, which consists of 60 parts picric acid and 40 
parts dinitrophenol; and crisylite 60/40, 60 parts trinitro-m- 
cresol and 40 parts picric acid. Others are MDPG, picric acid 
65 parts, dinitrophenol 35, and trinitro-m-cresof 10; and MTTC, 
which has the same composition as MDPC except that TNT is 
used instead of dinitrophenol. All these mixtures melt between 
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80^ and 90“ and are prepared oy putting the materials together 
under water in wooden tanks and blowing in live steam. The 
water is sometimes acidulated with sulfuric acid to insure the 
removal of all metallic picrates. An explosive made by mixing 
88 parts of picric acid with 12 parts of melted paraffin or stearic 
acid, and then rolling and graining, gives a compact charge when 
loaded by compression. It is nearly as powerful and brisant 




FiouRt 49. Commercial Sample of Amniooiuiii PicraU (25X), 
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as picric acid, and responds satisfactorily to the impulse 
of the detonator, but is distinctly less sensitive to mechanical 
shock. 

Ammonium Picrate 

Ammonium picrate is less sensitive to shock than picric acid. It 
is not easily detonated by fulminate, but is commonly used with a 
booster of powdered and compressed picric acid or tetryl. The 
pure substance occurs in two forms, a stable form which is of a 
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bright lemon yellow color and a meta-stable form which is a 
brilliant red. These differ slightly in their crystal angles but show 
no detectable difference in their explosive properties. Thallium 
picrate similarly exists in two forms. 

Ammonium picrate is prepared by suspending picric acid in a con- 
venient quantity of hot water, adding strong ammonia water until every- 
thing goes into solution and a large excess of ammonia is present, and 
allowing to cool. The cr>^stals which separate are the red form. A dry 
sample of this material in a stoppered bottle will remain without ap- 
parent change for many years. In contact with its saturated aqueous 
solution it changes to the yellow form during several months. The 
yellow form of ammonium picrate is best procured by recrystallizing 
the red form several times from water. 

Pure ammonium picrate melts with decomposition at 265-271®. 
It is more soluble in warm alcohol than guanidine picrate is, and 
more soluble in acetone than in alcohol, but it goes into solution 
very slowly in alcohol and crystallizes out again very slowly 
when the liquid is allowed to stand. 

SOLOBILITT OF A&iMONlUM PiCRATK 
(Grams per 100 cc. of solution) 



Temperature, ®C, 


Ethyl Acetate Ethyl Alcohol 


0 


0.290 


0.515 


10 


0.300 


0.690 


20 


0,338 


0.850 


30 


0.380 


1.050 


40 


0.420 


1.320 


50 


0.450 


1.890 


60 


0.500 


2.165 


70 


0.540 


2.760 


80 


0.560 


3.620 


Guanidine Picrate 






Guanidine picrate is 


procured as a yellow, 


finely crystalline 


precipitate by mixing warm solutions of guanidine nitrate and 
ammonium picrate. It is even less sensitive to blow and to shock 


than ammonium picrate 


; it is not detonated by fulminate and is 


used with a picric acid booster. The pure material, recrystallized 
from alcohol or from water, in both of which solvents it is spar- 
ingly soluble, melts with decomposition at 318.5-319.5®. 
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SOLUBIUTY OF GUANIDINB PxCliaTB 




(Grams per 100 cc. of solution) 




Temperature, ®C. 


Water Ethyl Alcohol 


Acetone 


0 


... 0.005 0.077 


0.455 


10 


...0.038 0.093 


0.525 


20 


... 0.070 0.122 


0.605 


30 


... 0.100 0.153 


0.695 


40 


... 0.150 0.200 


0.798 


50 


... 0.230 0.255 


0.920 


80 


... 0.350 0.321 


1.075 


70 


... 0.480 0.413 




80 


... 0.700 0.548 





90 1.010 

100 1.380 



Trinitrocresol (cresylite) 

This explosive is prepared from m-cresol by a process entirely 
similar to that by which picric acid is prepared from phenol. The 
pure material is readily soluble in alcohol, ether, and acetone, 
soluble in 449 parts of water at 20® and in 123 parts at 1(X)®, 
yellow needles from water, m.p. 107®. The ammonium salt, which 
is sparingly soluble in water, has been used in the composition of 
certain ammonium nitrate explosives, and it was adopted by the 
Austrian monarchy under the name of ecrasite as an explosive for 
shells of large caliber. 

Trinitroresorcinol (styphnic acid) 

Resorcinol nitrates readily to the trinitro compound, yellow 
prisms from water or alcohol, m.p. 175.5®. Styphnic acid is more 
expensive and less powerful than picric acid. Liouville found 
that styphnic acid exploded in a manometric bomb, at a density 
of loading of 0.2, gave a pressure of 2260 kilos per sq. cm., 
whereas picric acid under the same conditions gave a pressure of 
2350 kilos per sq. cm. It did not agglomerate to satisfactory 
pellets under a pressure of 3600 kilos per sq. cm. It is a fairly 
strong dibasic acid, and its salts are notably more violent ex- 
plosives than the picrates. Lead styphnate has been used to facili- 
tate the ignition of lead azide in detonators. 

Trinitroanisol and Trinitrophenetol 

2,4,6-Trinitroanisol (2,4,6-trinitrophenyl methyl ether, methyl 
picrate) has explosive properties comparable with those of picric 
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acid and trinitrocresol, but it contains no hydroxyl group and 
does not attack metals readily with the formation of dangerously 
explosive salts. In actual use, however, it reacts slowly with 
moisture and yields some picric acid. It has been colloided with 
nitrocellulose in the fonn of a strip powder, flashless and of low 
hygroscopicity, but tlie powder in the course of time developed 
enough picric acid to stain the fingers and to give a yellow solu- 
tion with water. Its relatively low melting point, 67-68°, gives it 
an advantage over picric acid for certain purposes. Methyl al- 
cohol is needed for its synthesis, and the present availability of 
this substance cheaply from high-pressure synthesis further 
commends it. While anisol is an expensive raw material, and has 
the further disadvantage that its direct nitration is dangerous, 
trinitroanisol may be prepared, without it, economically and 
easily from benzene through the use of dinitrochlorobenzene. 

Trinitroanisol was prepared by Cahours in 1849 by the direct 
nitration of anisol, and the same process has been studied more 
recently by Broadbent and Sparre. The strongly ortho-para 
orienting methoxy group promotes substitution greatly, the first 
products of the nitration are explosive, and the temperature of 
the reaction mixture during the first stages ought never to be 
allowed to rise above 0°. A small drop of anisol, or of phenetol 
or other aromatic-aliphatic ether, added to 10 cc. of nitric acid 
(d. 1.42) in a test tube and shaken, causes a remarkable series of 
color changes ; the liquid turns yellow, then green, then blue, and 
finally reddish purple. A batch of anisol which was being nitrated 
at ordinary temperature in the author’s laboratory detonated 
without warning and without provocation while showing a bluish- 
purple color. Small pieces of the 2-liter flask which had contained 
the mixture were propelled so violently that they punctured the 
plate-glass windows of the laboratory without, however, breaking 
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or cracking them. 

Trinitroanisol may also be prepared by the interaction of 
methyl iodide and silver picrate, and by the nitration of anisic 
acid, during which the carboxyl group is lost, but the most con- 
venient method appears to be that of Jackson and his collabora- 
tors by which a methoxy group is substituted for chlorine in a 
nucleus already nitrated. A methyl alcohol solution of picryl 



chloride, treated with an excess of sodium methylate or of strong 
caustic soda solution, turns dark red and deposits handsome 
brilliant red crystals of the empirical composition, trinitro- 
anisol-NaOCHa. The probable constitution of these crystals is 
indicated below. On treatment with acid the substance yields 
trinitroanisol. 



LariNijocH, ch3( 



VaOCHi^ 





NO, 

H-NaCI+CHiOH 



The red material is sparingly soluble in alcohol and in water, 
and is easily decomposed by aqueous acids. It is a primary ex- 
plosive, stable to moderate heating but decomposing at 165® and 
exploding violently w hen introduced into a flame. It is not altered 
by dry air, but water decomposes it slowly to form first trinitro- 
anisol and later picric acid. On boiling with ethyl alcohol, it yields 
the sodium ethylate addition product of trinitrophenetol — an 
interesting reaction analogous to the ester interchange in the 
aliphatic series. 



Preparation of Trinitroanisol. Thirty-five grams of picryl chloride is 
dissolved in 400 cc. of methyl alcohol with warming under reflux, and 
the solution is allowed to cool to 30-35*’. A solution of 23 grams of 
sodium hydroxide in 35 cc. of water is added slowly through the con- 
denser, w’hile the liquid is cooled, if need be, to prevent it from boiling. 
The mixture is allowed to stand for an hour or two. The red precipitate 
is filtered off, washed with alcohol, and stirred up with water while 
strong hydrochloric acid is added until all red color has disappeared. 
The slightly yellowish, almost white, precipitate, washed with water for 
the removal of sodium chloride, dried, and recrystallized from methyl 
alcohol, yields pale yellow leaflets of trinitroanisol, m.p. 67-68®. From 
anhydrous solvents the substance separates in crystals which are prac- 
tically white. 



Since the methoxy group exercises a greater effect in promoting 
substitution than the chlorine atom does, it is to be expected that 
dinitroanisol would take on a third nitro group more easily than 
dinitrochlorobenzene (to form picryl chloride), and with less ex- 
pense for acid and for heat. The reactions indicated below are 
probably the best for the large-scale commercial production of 
trinitroanisol. 
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During the first World War the Germans used a mixture of 
trinitroanisol and hexanitrodiphenyl sulfide in bombs. 

Trinitrophenetol or ethyl picrate, m.p. 78®, is prepared by the 
same methods as trinitroanisol. The explosive properties of the 
two substances have been studied by Desparmets.and Calinaud, 



and by Desvergnes, who has reported the results of the earlier 
workers together with data of his own and discussions of methods 
of manufacture and of the explosive properties of mixtures with 
picric acid, ammonium nitrate, etc. Drop test with a 5-kilogram 
weight were as follows: 

Hxiqht or Dxu>p, Cxntimstebs Psb Cent ExpnosiON 



Picric acid 


30 


50 


Trinitroanisol 


100 


20 


Trinitroanisol 


no 


30 


Trinitrophenetol 


100 


10 


Trinitrophenetol 


no 


10 



Velocities of detonation (densities not reported) were trinitro- 
anisol 7640 meters per second, trinitrophenetol 6880, and, for 
comparison, TNT 6880 meters per second. Pellets of the com- 
pressed explosives fired in the manometric bomb gave the results 
tabulated below. 



Picric acid 


Dbnsitt of 
Loading 
0.20 


Pressure: Kilos Per 
Square Centimeter 
2310 


Picric acid 


0.20 


2350 


Picric acid 


0.20 


2210 


Trinitroanisol 


0.20 


2222 


Trinitroanisol 


0.20 


2250 


Trinitroanisol 


0.20 


2145 


Trinitrophenetol. . . 


0.20 


1774 


Picric acid. 


0.25 


3230 


Trinitroanisol 


0.25 


2850 


Trinitrophenetol ... 


0.25 


2490 


Trinitrophenetol 


0.30 


3318 
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Both trinitroanisol and trinitrophenetol were found to be as satis- 


factory as compressed TNT for use as 


a booster charge in 75-mm. 



shells loaded with schneiderite. 

Trinitroaniline (picramide) 

2.4.6- Trinitroaniline, orange-red crystals from alcohol, m.p. 
186®, has but little interest as an explosive for the reason that 
other more powerful and more valuable explosives may be pre- 
pared from the same raw materials. It may be prepared by nitrat- 
ing aniline in glacial acetic acid solution or by the use of mixed 
nitric-sulfuric acid in which no large excess of sulfuric acid is 
present. The presence of nitrous acid must be avoided, as this 
attacks the amino group, replaces it by hydroxyl, and results in 
the formation of picric acid. The nitration of aniline in the pres- 
ence of a large amount of concentrated sulfuric acid yields 
m-nitroaniline and later the nitro compounds which are derived 
from it. 

Tetranitroaniline (TNA) 

2.3.4.6- Tetranitroaniline, discovered by Flurscheim, has in- 
teresting explosive properties but is such a reactive chemical 
substance that, when all things are considered, it is unsuitable for 
use. It was used to some extent during the first World War and 
was studied very thoroughly at that time. 

Flurscheim prepared TNA by a one-stage nitration of 
m-nitroaniline sulfate, that substance being procured by the re- 
duction of m-dinitrobenzene with sodium polysulfide. The nitra- 
tion proceeds smoothly, and the entering groups take the posi- 
tions indicated by the strongly ortho-para orienting amino group. 
The yield is about 120 per cent of the weight of the m-nitro- 
aniline. 
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Pure TNA, yellowish-brown or greenish-brown crystals from 
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acetone^ melts with decomposition at about 210“ and deflagrates 
at about 226“. It is soluble in glacial acetic acid (1 part in 24 at 
boiling temperature), readily in acetone (1 in 6 at boiling tem- 
perature), and sparingly in benzene, ligroin, and chloroform. If 
a small amount of water is added to an acetone solution of TNA 
and the liquid is refluxed, the nitro group in the 3-position, hav- 
ing other nitro groups ortho and p^ra to it, is replaced rapidly 
by hydroxyl The resulting trinitroaminophenol, m.p. 176“, is 
capable of attacking metals to form dangerous explosive salts 
which are similar to the picrates. If TNA is boiled with aqueous 
sodium carbonate or bicarbonate both the amino group and the 
nitro group in the 3 -position are hydrolyzed, and trinitro- 
resorcinol is formed. 




OH 



N(W^yNOi 

Y 



)-OH 



NO, 



With alcoholic ammonia TNA yields trinitro-m-phenylenedi- 
amine, m.p. 288^. Its nitro group in the 3-position reacts with 
primary and secondary amines, with sodium acid sulflte, etc., in 
the same way that the me fa nitro groups of and y-trinitrO' 
toluene do. Marqueyrol found that TNA is attacked rapidly by 
boiling water, about half of it being converted into trinitro- 
arainophenol, the other half being destroyed with the evolution 
of gases, largely carbon dioxide and nitrogen along with smaller 
quantities of carbon monoxide, hydrocyanic acid, and nitric oxide. 
At 75® the reaction betw-een water and TNA is complete after 
4 days; at 60“ it is about half complete after 7 days; at 40® it is 
appreciable after 10 days. Any decomposition of this sort, of 
course, is too much for an explosive intended for military use. 
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TNA shows about the same sensitivity as tetryl in the drop 
test. Lead block experiments have been reported which showed 
that 10 grams of TNA produced a net expansion of 430 cc,, TNT 
254 cc., picric acid 297 cc., tetryl 375 cc,, guncotton 290 cc., and 
75 per cent dynamite 300 cc."^^ Experiments with the manometric 
bomb gave the results indicated below. 



From the pamphlet "Tetra-Nitro-ADiUne 'Fluracheim/ '* Verona Chem- 
ical Company^ eole licensed manufacturers for the United States, North 
Newark, New Jersey, 1917(?), p. 4, Giua, op. dl., p. 317^ states that the 
force of TNA measured in the lead block ib 420 compared with picric 
acid 297. 

Dbutsity op PKcasuKE: Kilos Pee 
Loading Squaes Centiuetgh 

TNA 0.20 2356 

TNA 0.25 3110 

Tetryl 0.20 2423 

Tetryl 0.25 3243 

Since these data show that tetryl is slightly more powerful than 
TNA, the superiority of TNA in the lead block test must be 
interpreted as indicating that TNA has the higher velocity of 
detonation. 



• Tetryl (tetralite, pyronite) 



Tetryl or 2,4,6-trinitrophenylmethylnitramine was first de- 
scribed by Michler and Meyer in 1879, and was studied soon 
thereafter by van Romburgh and by Mertens. Van Romburgb 
proved its structure by synthesizing it from picryl chloride and 
potassium methylnitramine. 




In the early literature of the subject, and to some extent at pres- 
ent, the substance is wrongly designated as tetranitromethyl- 
aniline. It results from the nitration of monomethyl- and of 



dimethylaniiine, and is prep are a mduatrially by the nitration of 
the latter. The course of the reactions is first the introduction of 
two nitro groups in the nucleus, then the removal of one of the 




Fksiteb 50. Commerci&l Sample of Tetryl (20X). Material crystallized in thia 
form pours ea^Iy and may be made into pellets by machinery. 



methyl groups by oxidation, then the introduction of a third nitro 
group in the nucleus, and finally the replacement of the amino 
hydrogen by a nitro group. 




All the above -indicated intermediates have been isolated from 
the reaction. The last step is interesting because it is a reversible 
nitration. If tetryl is dissolved in concentrated (95 per cent) 
sulfuric acid and allowed to stand, the nitro group on the nitrogen 
is replaced by hydrogen, and nitric acid and trinitromethylaniline 
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(methylpicramide), m.p. 111.8-112.4®, are formed. Tetryl ac- 
cordingly gives up this nitro group, and only this one, in the 
nitrometer. In the industrial preparation of tetryl, the usual 
method is to dissolve the dimethylaniline in concentrated sulfuric 
acid and then to carry out all the reactions in one stage. The 
process has been the subject of many careful studies, among 
which those of Langenscheidt, van Duin, Knowles, Wride, 
Desvergnes, and Bain are especially to be noted. The crude 
tetryl contains impurities which must be removed by boiling the 
finely comminuted substance in water, and by dissolving the 
crude material in benzene and filtering for the removal of in- 
soluble materials. For the industrial crystallization of tetryl, 
either acetone or benzene is commonly used. 

Preparation of Tetryl. Twenty grams of dimethylaniline is dissolved 
in 240 grams of concentrated sulfuric acid {d. 1.84), the temperature 
being kept below 25®, and the solution is allowed to run from a separa- 
tory funnel drop by drop into 160 grams of 80 per cent nitric acid 
{d. 1.46), previously warmed to 55® or 60®, while this is stirred con- 
tinuously and kept at a temperature between 65° and 70®. The addition 
requires about an hour. After all has been added, the stirring is con- 
tinued while the temperature of the mixture is maintained at 65® to 70°. 
The material is allowed to cool; the solid matter is coUe'‘ted on an as- 
bestos filter, washed with water, and boiled for an hour with 240 cc. of 
water while further water is added from time to time to replace that 
which boils away. The crude tetryl is filtered off, ground under water to 
pass a 150-mesh sieve, and boiled twice for 4 hours each time with 12 
times its weight of water. The solid is dried and treated with benzene 
sufficient to dissolve all readily soluble material. The solution is filtered 
and allowed to evaporate spontaneously, and the residue is recrystal- 
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lized from alcohol. Pure tetryl melts at about 129.4® ; a good commer- 
cial sample, at about 128.5°. 

The nitration of aniline in the presence of a large amount of 
strong sulfuric acid results wholly in the formation of m-nitro- 
aniline, but the similar nitration of dimethylaniline gives prin- 
cipally a mixture of the ortAo- and para -derivatives. Mono- 
methylaniline stands between aniline and dimethylaniline in 
respect to the orienting effect of its amino group; it yields a 
considerable amount of the m-nitro- compound — and dimethyl- 
aniline is preferred for the preparation of tetryl. Commercial 
dimethylaniline contains a certain amount of monomethylaniline, 
from which it is extremely difficult to free it, and this in the 
manufacture of tetryl is converted in part into 2,3,4,6-tetranitro- 
phenylmethylnitramine, or m-nitrotetryl, pale yellow, almost 
white, crystals from benzene, m.p. 146-147.®®^ 

«^Van Romburgh, Rec. trav. chim., 8, 274 (1889). Van Romburgh and 
Schepers, Veral. Kon. Akad. Wetenschapen, 22, 293 (1913), also prepared 
this substaDce by the nitration of dimethylaniline (in 20 times its weight of 
concentrated sulfuric acid). 




No m-nitrotetryl is produced if pure dimethylaniline is used in 
the usual process for the manufacture of tetryl. The amount of 
this impurity in the usual process depends upon the amount of 
monomethylaniline which may be present. A large excess of 



sulfuric acid tends toward the production of m-nitro compounds, 
but a reduction in the amount of sulfuric acid is not feasible for 
this increases the amount of benzene-insoluble material. m-Nitro- 
tetryl reacts with water, as TNA does; the nitro group in the 
3-position is replaced by hydroxyl, and m-hydroxy tetryl or 
2,4,6-trinitro-3-methylnitraminophenol, yellow crystals from 
water, m.p. 183®, is formed. This substance resembles picric acid 
and forms explosive salts. readily soluble in water, and 

m-nitrotetryl is effectively removed from crude tetryl by boiling 
the finely powdered solid with water. 

Crude tetryl commonly contains a small quantity of amor- 
phous-appearing, buff-colored material of high melting point 
which is insoluble in benzene. The amount of this material is 
increased by the presence of larger amounts of water in the 
nitrating acid. Michler and Pattinson found that tetramethyl- 
benzidine is produced when dimethylaniline is heated with con- 
centrated sulfuric acid. The same material is evidently formed 
during the preparation of tetryl and gives rise to the three sub- 
stances indicated below, which constitute the benzene-insoluble 
impurity. 



NO, NO, 





These substances were prepared by Mertens in 1886 by the 
action of nitric acid on dimethylaniline (I, II, and III) and on 
monomethylaniline (II and III). Van Romburgh in the same 
year proved them to be derivatives of benzidine, and at a much 
later time summarized the work which had been done upon 
them and synthesized the substances in such manner as to prove 
the position of the nitro groups. 
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If the benzene-insoluble material from crude tetryl is dis- 
solved in hot fuming nitric acid and allowed to cool, glistening 
yellow crystals are procured. These, recrystallized from nitric 
acid and then from acetone with the addition of two volumes of 
ligroin, yield cream-colored small crystals of the third of the 
above-indicated substances, 3,3',5,5'-tetranitro-4,4'-di- (methyl- 
nitramino) -biphenyl, or 3,3',5,5'-tetranitrodimethylbenzidinedini- 
tramine. The material decomposes with foaming at 229-230® if 
its temperature is raised at the rate of 6® per minute. If it is 
heated more slowly, at 2® per minute, it melts partially and 
decomposes at 222® with preliminary softening and darkening. 
Like tetryl and other nitroamines, it gives a blue color with the 
diphenylamine reagent. Although Willstatter and Kalk have 
found that monomethylaniline is not convertible into a benzidine 
derivative by Michler's method, it is nevertheless true that the 
benzene-insoluble by-products are produced during the prepara- 
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tion of tetryl from monomethylaniline, as indeed Mertens first 
procured them by the action of nitric acid on that substance. 

The usual process for the preparation of tetryl from dimethyl- 
aniline has the disadvantage that the by-products, namely, the 
w-nitrotetryl and the benzene-insoluble material, necessitate a 
rather elaborate purification, and it has the further disadvantage 
that one of the methyl groups of the dimethylaniline is destroyed 
by oxidation (expense) with the production of red fumes (nui- 
sance) and the consequent loss of valuable combined nitrogen. 
All these disadvantages find their origin at points in the reaction 
earlier than the formation of dinitromonomethylaniline. 2,4- 
Dinitromonomethylaniline, orange-yellow crystals, m.p. 174®, 
nitrates smoothly to form tetryl without the production of 
by-products or red fumes. Synthetic methyl alcohol is now avail- 
able cheaply and in a quantity which is limited only by the will 
of the manufacturers to produce it. It reacts with ammonia (from 
the fixation of nitrogen) at elevated temperatures in the presence 
of a thorium oxide catalyst to form methylamine, and methyl- 
amine reacts with dinitrochlorobenzene to form dinitromono- 
methylaniline. There seems every reason to believe that tetryl in 
the future will be manufactured chiefly, or wholly, from dinitro- 
chlorobenzene. 

The solubility of tetryl in various solvents is tabulated below. 



Solubility of Tetryl 



(Grams per 100 grams of solvent) 



Tempera- 
ture, "C. 


Water 


95% 

Alcohol 


Carbon 

Tetrachloride 


Chloro- 

form 


Carbon 

Disulfide 


Ether 


0 


0-0050 


0.320 


0.007 


0.28 


0.0090 


0.188 


5 


0.0058 


0.366 


0.011 


0.33 


0.0120 


0.273 


10 


0.0065 


0.425 


0.015 


0.39 


0.0146 


0.330 


15 


0.0072 


0.496 


0.020 


0.47 


0.0177 


0.377 


20 


0.0075 


0.563 


0.025 


0.57 


0.0208 


0.418 


25 


0.0080 


0.65 


0.031 


0.68 


0.0244 


0.457 


30 


0.0085 


0.76 


0.039 


0.79 


0.02% 


0.493 


35 


0.0094 


0.91 


0.048 


0.97 


0.0392 




40 


0.0110 


1.12 


0.058 


1.20 


0.0557 




45 


0.0140 


1.38 


0.073 


1.47 


0.0940 




50 


0.0195 


1.72 


0.095 


1.78 






55 


0.0270 


2.13 


0.124 


2.23 






60 


0.0350 


2.64 


0.154 


2.65 


... 




65 


0.0440 


3.33 


0.193 




... 




70 


0.0535 


4.23 


0.241 








75 


0.0663 


5.33 


0.297 




... 




80 


0.0810 












85 


0.0980 












90 


0.1220 




* . . 








95 


0.1518 




... 








100 


0.1842 













Tetryl is hydrolyzed rapidly by boiling aqueous sodium car- 
bonate to form sodium picrate, sodium nitrite, and methylamine 
which escapes. It is not affected by prolonged boiling with dilute 
sulfuric acid. It reacts with aniline in benzene solution at ordi- 
nary temperature; red crystals of 2,4,6-trinitrodiphenylamine, 
m.p. 179.5-180°, separate after the liquid has stood for a few 
hours, and extraction of the liquid with water yields an aqueous 
solution of methyinitramine. 



^ no.-<^nh-<3 

NO, '' — ' to. 



By heating tetryl alone, Farmer and Desvergnes obtained 
picric acid, and by heating tetryl in high-boiling solvents Mer- 
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dens,®® van Romburgh,®® and Davis and Allen®® obtained methyl- 



picramide. When refluxed in xylene solution, tetryl gives off 
nitrous fumes and is converted into a tarlike mass from which 
picric acid and methylpicramide may be isolated, along with a 
third, unidentified, buff-colored finely crystalline substance which 
melts at 240.5°. If pure tetryl is kept at 100°, it gives off nitrous 
fumes and a small quantity of formaldehyde, and yields after 40 
days a mass which remains semi-liquid at ordinary temperature. 
By heating at 125° it is converted into a viscous liquid after 
about the same number of hours. 

At ordinary temperatures tetryl appears to be perfectly stable. 
Current methods of purification insure the absence of occluded 
acid. It is more powerful and more brisant than TNT and picric 
acid, though distinctly more sensitive to shock, and is probably 
the best of all the common explosives for use in boosters and 
reinforced detonators. Koehler reports pressures in the mano- 
metric bomb (density of loading = 0.3) and temperatures pro- 
duced by the explosions, as follows: 



Pressure: Kilos per 
Square Centimeter Temperature, ®C. 



Tetryl 4684 2911 

Picric acid 3638 2419 

TNT 3749 2060 

TNB 3925 2356 



Aranaz reports that the explosion of tetryl produces a tempera- 
ture of 3339°. Tetryl is slightly more sensitive than picric acid, 
and considerably more sensitive than TNT, in the drop test. Ex- 
perimenting with a 5-kiIogram weight, Koehler found that a 
drop of 150 cm. caused the detonation of tetryl 10 times out of 
10 trials, a drop of 100 cm. 9 times out of 10, of 50 cm. 5 times 
out of 10, and of 40 cm. 3 times out of 10. Martin has deter- 
mined the minimum charges of various primary explosives neces- 
sary for the detonation of TNT and tetryl. The explosives were 
loaded into detonator capsules, and the initiators were com- 
pressed upon them at a pressure of 1100 kilos per square centi- 
meter. ,g 3 

Minimu.m Charge for Detonation of 





TNT 


Tetryl 


Mercuric fulminate 


0.36 


0.29 


Silver fulminate 


0.095 


0.02 


Cadmium fulminate 


0.11 


0.008 


Mercurous azide 


0.145 


0.045 


Silver azide 


0.07 


0.02 


Lead azide 


0.09 


0.025 


Cadmium azide 


0.(M 


0.01 



With each of the initiators which was tried, tetryl was more easily 
detonated than TNT. Taylor and Cope have determined the 
minimum charges of fulminate-chlorate (90:10) necessary to 
cause the complete detonation of various mixtures of TNT and 
tetryl, as follows: 



Mixture of TNT-Tetryl 
100 0 

90 10 

80 20 
50 50 

0 100 



Weight of Initiator, Grams 
0.25 
0.22 
0.21 
0.20 
0.19 



“Ethyl Tetryl.” 2,4,6-Trinitrophenylethylnitramine 
The ethyl analogue of tetryl was first prepared by van Rom- 
burgh, who procured it both by nitrating monoethylaniline and 
by nitrating diethylaniline, and reported that it melts at 96°. 
The present writer has found that the pure material, recrystal- 
lized twice from nitric acid (d. 1.42) and once from alcohol, 
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'melts at 94°. It is comparable to tetryl in its chemical reactions 
and in its explosive properties. 

“Butyl T etryV* 2,4,6-Trinitropheny 1-n-butylnitramine 
The n-butyl analogue of tetryl has been prepared by two 
methods: (a) by condensing 24 -dinitrochlorobenzene with 

n-butylamine to form 2,4-dinitro-n-butyIaniline/®* and by the 
nitration of this product; and (6) by the nitration in one step of 
n-butylaniline. The pure substance crystallizes from alcohol in 
^°®Pure 2,4-dinitro-n-butylaniline crystallizes from alcohol in deep yel- 
low or orange needles, m.p. 92.5-93.0®. 
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lemon-yellow plates which melt at 97.5-98.0°. It is readily soluble 
in benzene, ethyl acetate, alcohol and acetone, and is insoluble 
in petroleum ether. It yields sodium picrate when boiled mih 
sodium carbonate solution. 

Butyl tetryl is suitable for use in boosters, reinforced detona- 
tors, detonating fuse, primer caps, etc. For the detonation of 0.4 
gram, it requires 0.19 gram of mercury fulminate. It has a 
slightly greater shattering effect than TNT in the sand test and 
shows about the same sensitivity as tetryl in the drop test. It 
explodes spontaneously at 210°. 

Hexanitrodiphenylamine 

2,2',4,4',6,6'-Hexanitrodiphenylamine (hexil, hexite, hexamin, 
etc.) is another explosive which can be prepared most conveniently 
from dinitrochlorobenzene. Its ammonium salt has been used 
under the name of aurantia as a yellow dye for silk and wool. 
It has valuable explosive properties but is more poisonous than 
nitroglycerin and attacks the skin, causing severe blisters which 
resemble burns. Its dust is injurious to the mucous membranes 
of the mouth, nose, and lungs. Mertens^®-* in 1878 prepared hexa- 
nitrodiphenylamine by the nitration of diphenylamine with fum- 
ing nitric acid in concentrated sulfuric acid solution. Its behavior 
as a pseudo-acid has been studied by Alexandrov and by 
Hantzsch and Opolski. Hausermann in 1891 reported upon 
its explosive power as compared with trinitrotoluene, and a 
patent granted in 1909 to Otto Freiherr von Schroetter de- 
scribed an explosive consisting of 80 parts of hexanitrodiphenyl- 
amine and 20 parts of trinitrotoluene. The large-scale preparation 
by the direct nitration of diphenylamine was reported in 1910, 
and the process from dinitrochlorobenzene, originally described 
in a patent to the Griesheim Chem. Fabrik, was reported by 

U, 843 (1878). Austen, ibid., 7, 1249 (1874), reported the forma- 
tion of the substance by the nitration of picryI-/>-nitroaniline, and Gnehm, 
ibid., 7, 1399 (1874), by the nitration of methyldiphenylamine. 
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Carter in 1913 and studied further by Hoffman and Dame 
in 1919 and by Marshall in 1920. 




NO, NO, 

Dinitrochlorobenzene reacts with 2 equivalents of aniline, when 
the materials are warmed together in the absence of solvent or 
when they are stirred together vigorously with water 80-90°, 
to form dinitrodiphenylamine in practically quantitative yield, 
along with 1 equivalent of aniline hydrochloride. The use of the 



second molecule of aniline to combine with the hydrogen chlo-> 
ride involves unnecessary expense, and the same results may be 
accomplished by means of some mineral alkali or acid-neutraliz- 
ing substance like sodium acetate or sodium or calcium car- 
bonate. The product, which is insoluble in water, separates in 
bright red needles. Pure 2,4-dinitrodiphenylamine, recrystallized 
from alcohol or from benzene, melts at 156-157°. The crude 
product is nitrated in one or in two stages to the hexanitro 
compound. 

Preparation of Hexanitrodiphenylamine (Two-Stage Nitration). Sev- 
enty grams of aniline and 32 grams of precipitated calcium carbonate 
are stirred up together with water in such manner as to form a homo- 
geneous suspension, and the mixture is heated to about 60®. Dinitro- 
chlorobenzene, 150 grams, previously melted, is poured in slowly in a 
fine stream while the stirring is continued and the mixture is heated 
gradually to about 90®, the rate of heating being regulated by the 
progress of the reaction. The product is washed with hydrochloric acid 
to free it from aniline and calcium carbonate, then with water until free 
from chlorides, and dried in the oven at 100®. 

Fifty grams of finely powdered dinitrodiphenylamine is added in 
small portions at a time to 420 grams of nitric acid {d. 1.33), which is 
stirred vigorously while the temperature is maintained at 50-60®. The 
progress of the nitration is followed by observing the color change from 
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the red of the dinitro compound to the yellow of the tetranitrodi- 
phenylamine. After all has been added, the temperature is raised to 
80-90® and kept there for 2 hours longer while the stirring is continued. 
After the mixture has cooled, the product is filtered off directly, washed 
with water until free from acid, and dried in the air or in the oven at 
100 ®. 

Fifty grams of the tetranitrodiphenylamine is added slowly, with stir- 
ring, during an hour, to a mi.xture of 250 grams of nitric acid (d. 1.50) 
and 250 grams of sulfuric acid (d. 1.83). After all has been added, the 
mixture is allowed to stand for 3 hours at lalwratory temperature, and 
is then drowned in ice water. The hexanitrodiphenylamine is filtered off, 
washed thoroughly with water, dried in the air, and recrystallized from 
acetone with the addition of petroleum ether. 

Pure hexanitrodiphenylamine, small yellow needles, melts with 
decomposition at 243.0-244.5°. It is insoluble in chloroform, spar- 
ingly soluble in ether and in cold acetic acid, fairly soluble in 
alcohol, and readily soluble in cold acetone and in warm acetic 
and nitric acids. 

Marshall reports minimum priming charges of fulminate- 
chlorate (90:10) necessary for the complete detonation of the 
indicated explosives to be as follows: 

Grams . 



Hexan i trodiphenyiamine 0.18 

Tetryl 0.20 

Tetranitroaniline 0.20 

Trinitrotoluene 0.25 



He found hexanitrodiphenylamine to be slightly less Sensitive in 
the drop test than tetryl and tetranitroaniline. When 1 pound of 
the explosive was loaded into a 3.5-inch cubical box of cardboard 
or tin and fired at wdth a U.S. Army rifle from a distance of 30 
yards, hexanitrodiphenylamine gave no detonations in the card- 
board boxes, and 7 detonations and 1 failure in tin; TNT gave 
no detonation in cardboard, fire and detonation in tin; and tetryl 
and tetranitroaniline gave detonations in every case with either 
kind of container. Marshall reported the velocity of detonation 
of hexanitrodiphenylamine to be 6898 meters per second at den- 
sity 1.58, and 7150 meters per second at density 1.67. Pellets of 
the explosive, mixed with 1 per cent of stearic acid, compressed 
at 5000 pounds per square inch, had a density 1.43; at 10,000 
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pounds per square inch, density 1.56; at 15,000 pounds per square 
inch, density 1.59; and at 20,000 pounds per square inch, density 
1.60. The pellets which showed the best homogeneity and the 
least tendency to crumble were those of density 1.56, 




Hexanitrodiphenyl sulfide (picryl sulfide) is formed by the 
interaction of picryl chloride and sodium thiosulfate in alcohol 
solution in the presence of magnesium carbonate. It is sparingly 
soluble in alcohol and ether, more readily in glacial acetic acid 
and acetone, golden-yellow leaflets from alcohol-acetone, m.p. 
234®. It does not stain the fingers yellow and is said to be non- 
poisonous. Its explosive properties are comparable to those of 
hexanitrodiphenylamine. Its use in reinforced detonators has 
been suggested, and the fact that its explosion produces sulfur 
dioxide has commended it for use in projectiles intended to 
make closed spaces, such as casemates, holds of ships, etc., un- 
tenable. During the first World War the Germans used drop 
bombs loaded with a mixture of equal parts of TNT and hexa- 
nitrodiphenyl sulfide. 

Hexanitrodiphenyl Sulfone 



NOa NO, 




The action of nitric acid on hexanitrodiphenyl sulfide yields a 
substance, faintly yellowish crystals, m.p. 307®, which Stett- 
bacher believes to be the sulfone, not the peroxide as the patent 
states, for the reason that it is^jtable at elevated temperatures 

and is less sensitive to shock than the sulfide. It is a more 
powerful explosive than hexanitrodiphenyl sulfide. 



Hexanitro-oxanilide 




This substance, m.p. 295-300®, results from the direct nitration 
of oxanilide. It is stable and about as powerful as TNT, and 
is reported to explode with the production of a temperature which 
is distinctly lovrer than that produced by many high explosives. 



Hexanitrocarbanilide 

NO, NO, 




2,2',4,4',6,6'-Hexanitro-N,N'-diphenylurea (hexanitrocarbani- 
lide or sym-dipicrylurea) may be prepared by the nitration of 
carbanilide (sym-diphenylurea) in one, in two, or in three stages. 
It is of interest because of its explosive properties and because 
it supplies one w'ay in which benzene may be converted into an 



explosive which is valuable both for military and for civil uses. 
Carbanilide may be prepared by the interaction of aniline and 
phosgene but is most conveniently and economically procured by 
heating aniline and urea together at 160-165®. 

Preparation of Hexanitrocarbanilide (Two Stages). Forty grams of 
carbanilide is dissolved in 60 cc, of concentrated sulfuric acid (d. 1.84), 
and the solution is added drop by drop during 4 hours to 96 cc. of nitric 
acid (d. 1.51) while the mixture is stirred vigorously with a mechanical 
stirrer and its temperature is maintained at 35® to 40®. After all has 
been added, the stirring is continued and the temperature is raised to 
60® during half an hour and maintained at 60® for another hour. The 
mixture is cooled to room temperature, allowed to stand over night, 
then treated with cracked ice and water, and filtered. The crude tetra- 
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nitrocarbanilide is washed thoroughly with water and allowed to dry in 
the air. 

Ten grams of crude tetranitrocarbanilide is added to a mixture of 16 
grams of concentrated sulfuric acid {d, 1.84) and 24 grams of nitric acid 
(d. 1.51), and the material is heated on the steam bath for 1 hour with 
constant stirring. The mixture, after cooling, is treated with cracked ice 
and water, and filtered. The product, washed with 500 cc. of cold water, 
then with 500 cc. of hot water, and dried in the air, is hexanitro- 
carbanilide of satisfactory quality for use as an explosive. 

Pure hexanitrocarbanilide crystallizes from acetone-ligroin in 
pale yellow rosettes which soften and darken at 204® and melt 
at 208-209® with decomposition. It yields picric acid when 
warmed with dilute sulfuric acid, and trinitroaniline when boiled 
with strong ammonia water. A deep ruby-red color is developed 
when hexanitrocarbanilide is allowed to stand at ordinary tem- 
peratures in contact with strong ammonia water. Tetranitrocar- 
banilide, dinitroaniline, trinitroaniline, picric acid, and dinitro- 
phenol do not give this color. 

Hexanitrocarbanilide is a brisant high explosive suitable for use 
in boosters, reinforced detonators, detonating fuse, primer caps, 
etc. For the detonation of 0.4 gram, it requires 0.19 gram of mer- 
cury fulminate. It is slightly stronger than TNT in the sand test 
and of about the same sensitivity as tetryl in the drop test. It 
explodes spontaneously at 345®. 



Hexanitroazobenzene 

Hexanitroazobenzene may be prepared from dinitrochloroben- 
zene and hydrazine by the reactions indicated below: 



H H 



NO, NO, 



y )N-N< ^ ^ I 

NOi < tH_qK >NO, NO,-< >N^N-< > NO, 

noT 

^ 



-NO, 



NO, 



NO, 



The first of these reactions takes place in hot-water suspension 
in the presence of sodium or calcium carbonate. The resulting 
tetranitrohydrazobenzene is both nitrated and oxidized by the 
mixed acid in the next step. Pure 2,2',4,4',6,6'-hexanitroazoben- 

190 

zene crystallizes from acetone in handsome orange-colored 
needles which melt at 215®. The explosive properties of the sub- 
stance have not been reported in detail. The azo group makes it 
more powerful and more brisant than hexanitrodiphenylamine. 
The accessibility of the raw materials and the simplicity of its 
preparation commend it for use in boosters and compound 
detonators. 
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CHAPTER V 
NITRIC ESTERS 

Nitric esters or organic nitrates contain the nitrate radical, 
— 0— NO-, attaclied to a carbon atom, or, to express the same 
idea in a different way, they contain the nitro group, — NO 2 , 
attached to an oxygen atom which is attached to a carbon. In 
nitro compounds^ strictly so called, the nitro group is attached 
directly to a carbon ; in nitroamines or nitramines it is attached 
to an amino nitrogen atom, that is, to a nitrogen which is at- 
tached to a carbon. In the nitric esters and in the nitroamines 
alike, a single atom stands between the nitro group and the 
carbon atom of the organic molecule. Substances of the two 
classes are alike in their most characteristic reaction, namely, 
they are formed by the reversible nitration of alcohols and 
amines respectively. 

During the nitration of glycerin by the action of strong nitric 
acid or of strong mixed acid upon it, nitro groups are introduced 
in place of three of the hydrogen atoms of the original molecule. 
There is therefore a certain propriety in thinking of the product 
as a nitro compound, and a reasonable warrant for the common 
practice of calling it by the name of trinitroglycerin ot, more 
commonly, of nitroglycerin. The hydrogen atoms which are re- 
placed were attached to oxygen atoms; the product is really a 
nitric ester, and its proper name is glyceryl trinitrate. Similarly, 
the substances which are commonly called nitroglycol, nitro- 
starch, nitrosugar, nitrolactose, nitrocotton, etc., are actually 
nitric esters. 

The physical properties of the nitric esters resemble in a gen- 
eral way the physical properties of the alcohols from which they 
are derived. Thus, methyl and ethyl nitrate, like methyl and 
ethyl alcohol, are volatile liquids; nitroglycerin is a viscous oil, 
more viscous and less volatile than glycol dinitrate as glycerin 

is more viscous and less volatile than glycol. Nitrocellulose from 
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fibrous cellulose yields a tough and plastic colloid, but nitro- 
starch remains from the evaporation of its solutions as a mass 
which is brittle and friable. 

Methyl Nitrate 

Methyl nitrate is a powerful explosive although its physical 
properties are such that it is not of practical use, and it is of 
interest only because it is the simplest of the nitric esters. Like 
ethyl and n-propyl nitrates, it may be prepared by the careful 
distillation of the alcohol with concentrated nitric acid (d. 1.42) 
from which, how’ever, the last traces of nitrous acid must first 
have been removed by the addition of urea. It may also be pre- 
pared by adding the alcohol to strong mixed acid at low tem- 
perature, stirring, and separating and washing the product with- 
out distillation, by a process similar to that which is used for the 
preparation of nitroglycerin and nitroglycol except that the vola- 
tility of the product requires the stirring to be done by mechanical 
means and not by compressed air. It is a colorless limpid liquid 
somewhat less viscous than water, boiling point 65-66®, specific 
gravity 1.2322 at 5®, 1.2167 at 15®, and 1.2032 at 25®. Its vapors 
have a strongly aromatic odor resembling that of chloroform, and 
cause headache if they are inhaled. It dissolves collodion nitro- 
cotton to form a jelly from which the methyl nitrate evaporates 
readily. 



Methyl nitrate has a slightly higher energy content than nitro- 
glycerin and a slightly greater explosive effect. Naoura reports 
that 10 grams of methyl nitrate in the Trauzl test with water 
tamping caused an expansion of 615 cc., while 10 grams of nitro- 
glycerin under the same conditions gave 600 cc. Methyl nitrate 
is very much more sensitive to initiation than nitroglycerin, a 
fact which, like its higher velocity of detonation, is probably 
associated with its lower viscosity. It is less sensitive than nitro- 
glycerin to the mechanical shock of the drop test. In the small 
lead block test, or lead block compression test, 100 grams of 
methyl nitrate under slight confinement in a shell of sheet lead 

1 mm. thick and tamped with thin cork plates, gave a compres- 
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sion of 24.5 mm. w’hile nitroglycol similarly gave 30 mm. and 
nitroglycerin 18.5 mm. 

Methyl nitrate is easily inflammable and burns in an open 
dish with a large non-luminous flame. Its vapors explode when 
heated to about 150®. 

Berthelot measured the velocity of detonation of methyl 
nitrate in tubes of such small diameter that the maximum velocity 
of detonation was not secured, but he was able to make certain 
interesting inferences both as to the effect of the envelope and 
as to the effect of the physical state of the explosive. Some of 
his results are summarized in the table below. The data indicate 



Tote of 


Internal 

Diameter, 

Millimeters 


External 

Diameter, 

Millimeters 


Velocity 
OF Deto- 
NATION, 

Meters 
PER Second 


Rubber, can\'as covered . . . 


5 


12 


1616 


Glass 


3 


12 


2482 


Glass 


3 


7 


2191 


Glass 


5 


7 


1890 


Britannia metal 


3 


12.6 


1230 


Steel 


3 


15 


2084 


Steel 


3 


15 


2094 



that with tubes of the same internal diameter the velocity of 
detonation is greater in those cases in which the rupture of the 
tube is more difficult; it is greater in the tubes which have thicker 
walls and in the tubes which are made of the stronger materials. 
The extent to which the velocity of detonation builds up depends 
in some measure upon the pressure which builds up before the 
container is ruptured. By comparing these results with those from 
other explosive substances, Berthelot was able to make further 
inductions. 

In fact, nitroglycerin in lead tubes 3 mm. internal diam- 
eter gave velocities in the neighborhood of 1300 meters per 
second, while dynamite in similar metallic tubes attained 
2700 meters per second. This sets in evidence the influence of 
the structure of the explosive substance upon the velocity of 
propagation of the explosion, pure nitroglycerin, a viscous 
liquid, transmitting the shock which determines the detona- 
tion much more irregularly than the silica impregnated in 
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a uniform manner with the same liquid. Mica dynamite 
according to my observations produces effects which are still 
more considerable, a fact which could be foreseen from the 
crystalline structure of the mica, a substance which is less 
deformable than amorphous silica. 

This last induction is confirmed by observations on nitro- 
mannite, a crystalline solid which appears by reason of this 
circumstance better suited than liquid methyl nitrate for 
transmitting detonation. It has in fact given practically 
constant velocities of 7700 meters per second in lead tubes 
of 1.9 mm. internal diameter at a density of loading of 1.9. 
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Likewise picric acid, also crystalline, 6500 meters per 
second. . . . 

The influence of the structure of the explosive substance 
on the course of the detonation being thus made evident, let 
ua cite new facta which show the effect due to the contain- 
ing envelope, , . , Compressed guncotton at such densities 
of loading as 1.0 and L27 in lead tubes 3.15 mm. internal 
diameter gave velocities of 5400 meters per second, while 
at a density of loading of practically one-half less (0.73) in 
a lead tube 3,77 mm. internal diameter, a velocity of 38(K1 
metera per second was observed— a difference which is evi- 
dently due to the reduced continuity of the material. In 
supple cordeau, slightly resistant, formed by a single strand 
or braid, with a density of loading of 0,65, the velocity falls 
even to 2400 meters per second. But the feeble resistance of 
the envelope may be compensated by the mass of the explo- 
sive which opposes itself, especially in the central portion of 
the mass, to the instantaneous escape of the gas. Abel, in 
fact, with cartridges of compressed guncotton, of ten times 
the diameter of the above-mentioned cordeau, placed end to 
end, in the open air, has observed velocities of 5300 to 6000 
meters per second. 

Other Alkyl Nitrates 

Ethyl nitrate is a colorless liquid of agreeable odor, boiling 
point 87“ , specific gravity (15“/15“) M150 at 15°, and 1.1044 
(25“/25“) at 25“ . It has a less favorable oxygen balance than 
methyl nitrate, and is much loss sensitive to initiation than the 
latter substance. It has only about 48% of the energy content of 
nitroglycerin, but its lower viscosity tends to give it a higher 
initial velocity of detonation than nitroglycerin and it performs 
about 58% as well as nitroglycerin in the sand test. A No, S 
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blasting cap will not detonate ethyl nitrate unless the explosive 
is tamped or confined. Mixed with fulleria earth in the proportion 
70/30 or 60/40, it yields a brisant explosive which may be deto- 
nated without confinement, 

n-Propyl nitrate, like ethyl nitrate, can be prepared by mixing 
the alcohol with nitric acid of density L42 or thereabouts, and 
carefully distilling the mixture. Ethyl alcohol and n-propyl alco- 
hol, which contain the methylene group, are easily oxidized; if 
they are added to nitric acid of greater strength than density 
1,42, or if they arc added to strong mixed acid, they are likely 
to react with explosive violence and the abundant production of 
nitrous fumes, no matter how efficient the cooling. n-Propyl 
nitrate lias a pleasant ethereal odor, boiling point 110,5“, specific 
gravity ( 15715“) 1.0631 at 15“, and (25725“) 1.0531 at 25“. 
It is less sensitive to detonation than ethyl nitrate. Ten grams in 
a Trauzl block, with water tamping and with a No. 8 blasting 
cap, detonated only partially and gave an expansion of 45 cc., 
or 15 cc, more than the cap alone, but 10 grams of it, mixed with 
4 grams of fuller^s earth to form a moist powder and exploded 
with a No, 8 cap, gave a sharp explosion and a net expansion 
of 230 cc. 

Uo^opyl nitrate, b.p. 101-102“, specific gravity 1.054 at 0“, 
L036 at 19“ , is prepared by the interaction of isopropyl iodide 
and silver nitrate. The hydrogen atom which is attached in 
isopropyl alcohol to the carbon atom carrying the hydroxyl group 
is so easily oxidized that it is not feasible to prepare the com- 
pound by the action of nitric acid on the alcohol. 

Nitroglycerin (Glyceryl trinitrate, NG) 

Nitroglycerin was first prepared late in the year 1846 or early 
i 'm 1847 by the Italian chemist, Ascanio Sobrero (1812-1888), 



who w^as at the time professor of applied chemistry at the Uni- 
versity of Torino. Sobrero had studied medicine in the same city, 
and in 1834 had been authorized to practice as a physician. After 
that he studied with Pelouze in Paris and served as his assistant 
in his private laboratory from 1840 to 1843, In 1843 he left Paris, 
studied for several months with Liebig at Giessen, and returned 
to Torino where he took up the duties of a teacher and in 1845 
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built and equipped a modest laboratory of his onm. The earliest 
printed account of nitroglycerin appears in a letter which Sobrero 
wrote to Pelouze and wliich Pelouze caused to be published in 
VInstitut of February 15, 1847. In the same month Sobrero pre- 
sented to the Academy of Torino a paper, Sopra alcuni nuavi 
composti fulminant i ottenuti col mezzo deirazione delVacido 




Figuhe 51. Aecanio Sobrero (1812-lSSS). FitbI prepared nitroglycerin, 
oitromannite, and nitroh close, 1846-1847. 

nitrico suite sostanze organiche vegetal}^ in which he described 
nitroglycerin, nitromannite, and nitrated lactose* Later in the 
year he presented another paper, Sulla Glicerina Fulminante o 
Piroglycerina, before the chemistry section of the Ninth Italian 
Scientific Congress at Venice. 

Sobrero found that, if concentrated nitric acid or strong mixed 
acid is added to glycerin, a violent reaction ensues and red fumes 
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are evolved, but that, if syrupy glycerin is added to a mixture of 
two volumes of sulfuric acid (d, 1,84) and one volume of nitric 
acid (d. 1.50) with stirring while the mixture is kept below 0“, 
then the results are entirely different, the glycerin dissolves, and 
the solution when poured into water gives an oily precipitate of 
nitroglycerin. He collected the oil, washed it with water until free 
from acid, dried in a vacuum over sulfuric acid, and procured a 
transparent liquid of the color and appearance of olive oil. (Pure 
nitroglycerin is water-white.) Sobrero reported a value for the 
density which is very close to that which is now generally ac- 
cepted, observed the ready solubility of nitroglycerin in alcohol 
and its reprecipitation by water, and reported a number of its 
chemical reactions — its comportments with acid and with alkali, 
that 

It detonates when brought into contact with metallic 
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potassium, and evolves oxides of nitrogen in contact with 
phosphorus at 20'' to 30“C,, but at higher temperatures it 
ignites with an explosion, . . . When heated, nitroglycerin 
decomposes. A drop heated on platinum foil ignites and 
bums very fiercely. It has, however, the property of deto- 
nating under certain circumstances with great violence. On 
one occasion a small quantity of an ethereal solution of 
nitroglycerin was allowed to evaporate in a glass dish. The 
residue of nitroglycerin was certainly not more than 2 or 3 
centigrams. On heating the dish over a spirit lamp a most 
violent explosion resulted, and the dish was broken to atoms. 

, . , The safest plan for demonstrating the explosive power 
of nitroglycerin is to place a drop upon a watch glass and 
detonate it by touching it with a piece of platinum wire 
heated to low redness. Kitroglycerin has a sharp, sw'cet, 
aromatic taste. It is advisable to take great care in testing 
this ■ property. A trace of nitroglycerin placed upon the 
tongue, but not swallowed, gives rise to a most violent pul- 
sating headache accompanied by great weakness of the 
limbs. 

For many years Sobrero kept in his laboratory and guarded 
jealously a sample of the original nitroglycerin which he had 
prepared in 1847. In 1S86 he washed this material with a dilute 
solution of sodium bicarbonate and took it to the Nobel-Avigliana 
factory, of which he was a consultant, where he gave verbal 
testimony of its authenticity and where it has since been stored 
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in one of the magazines. Molinari and Quartieri in a book pub- 
lished in 1913 state that the sample, consisting of about 200 cc. 
under water in a bottle, was at that time unaltered and that 
analyses gave values for nitrogen in the neighborhood of 18.357 dj 
close to the theoretical. 

Sobrero seems originally to have thought more highly of the 
solid crystalline nitroniannite, which he thought might be used 
in percussion caps, than of the liquid nitroglycerin, but a spon- 
taneous explosion of 400 grams of the former substance in the 
laboratory of the arsenal of Torino in 1S53 and the extensive 
damage which resulted caused him to lose interest in the mate- 
rial. After Nobel’s invention of dynamite and of the blasting cap 
had made the use of nitroglycerin safe and practical, Sobrero 
attempted in 1873 to establish a factory to be operated by Italian 
capital for tlie manufacture of an explosive called melanina, 
which was a kind of dynamite formed by absorbing nitroglycerin 
in a mixture of pow-dered charcoal and the silicious earth of 
Santa Flora in Tuscany. The project did not succeed. Shortly 
after\\^ards Sobrero accepted a position as consultant to the 
Nobel-Avigliana factory, a position which paid a generous salary 
during his life and a pension to his widow after his death. The 
high regard in which he w^as held by the Nobel company is indi- 
cated further by the bust of him which was unveiled in 1879 in 
the Avigliana factory. 

Glycerin (glycerol) is a by-product of soap manufacture. All 
natural fats, w^hether of animal or vegetable origin, w^h ether 
solid like beef suet or liquid like olive oil, are glyceryl esters of 
long-chain fatty acids containing an even number of carbon 
atoms. When they are warmed with an aqueous solution of strong 
alkali, they are saponified; soap, which is the alkali salt of the 
acids of the fats, is formed, and glycerin is produced which 
remains dissolved in the liquid. Glycerin is also formed from 
fats by the action of steam; the fatty acids, insoluble in water 
and generally of higher melting point than the fats, are formed 
at the same time. 

Glycerin is a viscous liquid, colorless and odorless when pure, 



and possessing a sw’eet taste. It is hygroscopic, will absorb more 
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than half its own weight of moisture from the air, and does not 
evaporate. Glycerin will solidify in a freezing mixture, and when 
once frozen melts again at about 17“ . It boils at atmospheric 
pressure at 290“ with slight decomposition, and is best purified by 
distillation in vacuum. Its specific gravity is 1.265 at 15“. Per- 
fectly pure and colorless glycerin yields a water-white nitro- 
glycerin. Dynamite glycerin is a distilled product of high purity, 
density 1.262 or higher, and contains at least 99% of glycerin 
and less tlinn 1% of water. It varies in color from pale yellow to 
dark brow'n, generally has a faint odor resembling that of burnt 
sugar, and yields a nitroglycerin of a pale yellow or pale brown 
color. The explosives makers consider a test nitration on a labora- 
tory scale to be the surest way of estimating the quality of a 
sample of dynamite glycerin. 

Small amounts of glycerin are produced during an ordinary 
alcoholic fermentation, but the quantity is greatly increased if a 
considerable amount of sodium sulfite is present. A commercial 
process based upon this principle was developed and used in 
Germany during the first World War, when the supply of glycerin 
from fats was insufficient to fill the needs of the explosives manu- 
facturers, and similar processes have been used to some extent 
elsew^here and since that time. At the beginning of the second 
World War an effort was made to increase the production of 
whale oil for the manufacture of glycerin. Modern methods — 
harpoons shot from guns, fast Diesel-propelled steel ships — re- 
sulted immediately in a tremendous slaughter of whales, and 
w^hale oil again has become difficult to procure. Recent advances 
in synthetic chemistry make it probable that glycerin in the 
future 'will be prepared in large quantity from petroleum. 

Cracking gas, which is produced w^hen heavy petroleum is 
cracked to produce gasoline, consists in large part of olefins, par- 
ticularly ethylene and propylene, and is being used more and 
more for the manufacture of such materials as glycol and gly- 
cerin, glycol dinitrate and nitroglycerin, mustard gas, ethanola- 
mine and pentryl. The olefins under ordinary conditions combine 
with two atoms of chlorine, adding them readily to the unsatu- 
rated linkage, and thereafter react wdth chlorine no further. It 
has been found that chlorine docs not add to hot propylene in the 
gas phase, but substitutes instead, one of the hydrogen atoms 
of the methyl group being replaced and ailyl chloride being 



formed. This at a low*er temperature adds chlorine normally to 




Fiqueb 52. Nitroglycerin Nitrating House. 
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form 1,2,3-tricliloropropane which gives glycerin on hydrolysis. 
Cffi CHs — CHa— 'Ol CHj OH CHj^”ONOj 

H — . in — . in—ci — » <!;h— oh — . in— ono, 

(liH, ini— Cl cIlHa— OH CHr-ONO, 

Nitroglycerin is formed and remains in solution if glycerin is 
added to a large excess of strong nitric acid. Heat is evolved, and 
cooling is necessary. The nitroglycerin is thrown out as a heavy 
oil when the solution is diluted with water. A further quantity 
of the substance is procured by extracting the dilute acid liquors 
with chloroform. Naoum reports that 100 grams of glycerin 
treated in this manner with 1000 grams o! 99% nitric acid yields 
207.2 grams of nitroglycerin analyzing 18.16% nitrogen (calc. 
18,50% N) and containing a small amount of dinitro glycerin 
(glyceryl dinitrate). The yield of the trinitrate may be improved 
by the addition to the nitric acid of dehydrating agents such as 
phosphorus pentoxide, calcium rate, or strong sulfuric acid 

Thus, if 100 grams of glycerin is added with cooling to a solution 
of 150 grams of phosphorus pentoxide in the strongest nitric acid, 
phosphoric acid precipitates as a heavy syrupy layer and the 
supernatant acid liquid on dilution yields about 2Q0 grams of 
nitroglycerin. The yield is substantially the same if the glycerin 
is first dissolved in the nitric acid alone and if the phosphorus 
pentoxide is added afterwards. One hundred grams of glycerin 
in 500 grams of the strongest nitric acid, 400 grains of anhydrous 




FiGura> 53. Nitrogiycerin Nitrator, (Courtesy E. I. du Pont de Nemours 
acd Company, Inc.) 



calcium nitrate being added and the mixture allowed to stand for 
some hours, gives on drowning and purification 220 grams of 
nitroglycerin which contains about 10% of glyceryl dinitrate. 

AD these methods are too expensive, for the excess of nitric 
acid is lost or has to be recovered from dilute solution. A process 
in which the nitroglycerin comes out as a separate phase without 
the spent acid being diluted is preferable — and it is indeed true 
that the addition of strong sulfuric acid to a solution of glycerin 
in strong nitric acid completes the esterification and causes the 
nitroglycerin to separate out. Since the strongest nitric acid is 
expensive to manufacture, and since a mixture of less strong nitric 
acid with oleum (sulfuric acid containing free sulfur trioxidc) 
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may be identical in all respects with a mixture of strong nitric 
and strong sulfuric acids, glycerin is universally nitrated in com- 
• mercial practice by means of acid already mixed, and the nitro-’ 



glycerin is procured by means of gravity separation of the phases. 
One hundred parts by w^eight of glycerin yield 225 to 235 parts of 
nitroglycerin. 

One part of glycerin is nitrated wdth about 6 parts of mixed 
acid, made up by the use of oleum and containing about 40.0% 




Fioube 54. Interior of Nitroglycerin Storage House. (Courteey E. I. du 
Pont de Nemourg and Company, Inc.) 



of nitric acid, 59.5% of sulfuric acid, and 0.5% of w'ater. The 
nitration in this country is carried out in cast iron or steel nitra- 
tors, in Europe in nitrators of lead. The glycerin is commonly 
added from a cock, controlled by hand, in a stream about the 
size of a man^s finger. The mixture is stirred by compressed air, 
and the temperature is controlled carefully by means of brine 
coils, there being usually two thermometers, one in the liquid, 
one in the gas phase abo^x it. In Great Britain the temperature 
of the nitration mixture is not allowed to rise above 22“C., in 
this country generally not above 25 If the temperature for any 
reason gets out of control, or if the workman sees red fumes 
through the window in the nitrator, then the charge is dumped 
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yiouBE 55. Nitrof^lyeerin Bgggy. (Courted Hercules Powder Coiupany.) 
For Lrariiiporting nitroglycerin from the storage house to the house where 
it is mixed with the other ingredients of dynEimite. Note tJie absence of 
valves and the use of wooden hose clamps iis a safety precaution. 



quickly into a drowning tank and the danger is averted. The 
safety precautions which are everywhere exercised are such that 
the explosion of a nitroglycerin plant is a rare occurrence. After 
all the glycerin has been added to the nitrator, agitation and 
cooling arc continued until the temperature drops to about 15®, 
and the mixture is then run off to the separator where the nitro- 
glycerin rises to the top* The spent acid contains 9 to 10% of 
nitric acid, 72 to 74% of sulfuric acid, and 16 to 18% of water. 

The nitroglycerin from the separator contains about 10% of 
its weight of dissolved acid (about 8% nitric and about 2% 
sulfuric). Most of this is removed by a drowning u’asft or pre- 
wash carried out, in Europe with water at about 15 in this 
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country with water at 38® to 43®, while the mixture is agitated 
with compressed air* The higher temperature reduces the viscosity 
of the nitroglycerin and increases greatly the efficiency of the 
washing. The nitroglycerin is heavier than water and sinks 
rapidly to the bottom. It is washed again with water, then with 
sodium carbonate solution (2 or 3%), and then with water until 
the washings give no color wdth phenolphtlialein and the nitro- 
glycerin itself is neutral to litmus paper. In this country the 
nitroglycerin is sometimes given a final wash with a concentrated 
solution of common salt. This reduces the moisture which is 
suspended in it, to about the same extent as the filtration to 
which it is commonly subjected in European practice. The nitro- 
glycerin then goes to storage tanks in a healed building where 
there is no danger of freezing. It has a milky appearance at first, 
but this quickly disappears. After one day of storage it generally 
contains not more than 0,3 or 0.4% of moisture, and this amount 
does not interfere with its use for the manufacture of dynamite. 

Pure nitroglycerin is odorless at ordinary temperatures, but has 
a faint and characteristic odor at temperatures above 50®, Its 
specific gravity is 1.6009 at 15® and 1,5910 at 25®. It contracts 
on freezing. Its vapor pressure has been reported by Marshall 
and Peace to be 0.(XX)25 mm. at 20®, 0,00083 mm. at 30®, 
0.0024 at 40®, 0.0072 at 50®, 0.0188 at 60®, 0,043 at 70®, 0.098 at 
80®, and 0.29 mm. at 93.3®. About 5 cc. of nitroglycerin passes 
over wfith one liter of water in a steam distillation. Snelling and 
Storm heated nitroglycerin at atmospheric pres^re In a” dis- 
tillation apparatus behind an adequate barricade. They reported 
that 

Nitroglycerin begins to decompose at temperatures as low 
as 50® or 60®C. * , . At a temperature of about 135®C. the 
decomposition of nitroglycerin is so rapid as to cause the 
liquid to become of a strongly reddish color, owing to the 
absorption of the nitrous fumes resulting from that which 
is decomposed; and at a temperature of about 145® C. the 
evolution of decomposition products is so rapid that, at 
atmospheric pressures, ebullition begins, and the liquid 
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“boils'' strongly. This ''boiling" is due in part to the evolu- 
tion of decomposition products (mainly oxides of nitrogen 
and water vapor) and in part to the actual volatilization of 
nitroglycerin itself. 




Fiotjrb 56. C. G. Storm. Author of autUDroua articles and government 
publicationa on the propertiea, testing, and analysis of emokelCHs po’wder 
and high explosives. E.xplosives Chemist at Navy Powder Works, 1901- 
1909, at U. S* Bureau of Mines, 1909-1915; Directing Chemist, Aetna 
Explosives Company, 1915-1917; Major and Lieutenant-Colonel, Ordnanre 
Department, 19174919 : Research Chemist, Trojan Powder Company, 
1919 : Chief Explosives Chemital Engineer, Office of the Chief of Ordnance, 
War Department, 1919-1942; since early in 1942, Technical Director, 
National Fireworks, Inc. 

... At temperatures between 145® and 215® C. the ebulli- 
tion of nitroglycerin becomes more and more violent; at 
higher temperatures the amount of heat produced by the 

decomposing liquid becomes proportionately greater, and at 
about 218 ®C. nitroglycerin explodes. 

When nitroglycerin is maintained at a temperature be- 
tween 145® and 210®C,, iU decomposition goes on rapidly, 
acctimpanicii by much volatilization, and under those eon- 
ditions nitroglycerin may he readily distilled. The distillate 
consists of nitroglycerin, nitric acid, water, and otlier decom- 
position products. The residue that remains after heating 
nitroglycerin under sucli conditions for some time probably 
consists mainly of glycerin, with small amounts of dinitro- 
glycerin, mono nitroglycerin, and other decomposition prod- 
ucts, These substances are far less explosive than ordinary 
nitroglycerin, and accordingly by heating nitroglycerin 
slowly it can be caused to “boil" away until the residue 
consists of products that are practically non -explosive. In a 
number of experiments nitroglycerin w^as thus heated, and 
a copious residue was obtained. By carefully raising the 

B.P. 

B.P, B.P. CTGOmni.) 

(2 mm.) (50 mm.) Most 

ExPEfti- Expf.bt- Probable Tottitiox 

MENTAL, MENTAL, V.iLUE, TeMPER- 

'C* “C. ‘‘C. ATURK, “C. 



Methyl nitrate ..... 5 66 

Glycol dinitrate 70 126 197 ± 3 195-200 

I^NT 190 245-2,50 300 ± 10 295-300 

Picric acid 195 255 325 ± 10 300-310 

TNB 175 260 315 ± 10 

PETN 100 ISO 200 ±19 215 

Nitraglyceria 125 ISO 245 i S 200 
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temperature this residue could be made to char without 

explosion. 

Belyaev and Yuzefovich heated nitroglycerin and other ex- 
plosives in vacuum, and procured the results summarized in the 
following table. The fact that ignition temperatures are fairly 
close to probable boiling points indicates that high concentrations 
of vapor exist at the moment when the substances ignite. The 
authors point out that TNT, PETN, and picric acid neither 

detonate nor bum in vacuum and suggest that this is probably 
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because the boiling points in vacuum are considerably below the 
ignition temperatures. 

Nitroglycerin crystallizes in two forms, a stable form, dipyram- 
idal rhombic crystals, which melt or freeze at 13.2-13.5®, and a 
labile form, glassy-appearing triclinic crystals, m.p. 1. 9-2.2®. It 
does not freeze readily or quickly. AVhen cooled rapidly, it 
becomes more and more viscous and finally assumes the state 
of a hard glassy mass, but this is not true freezing, and the glassy 
mass becomes a liquid again at a temperature distinctly below 
the melting point of the crystalline substance. Nitroglycerin in 
dynamite freezes in crystals if the explosive is stored for a con- 
siderable length of time at low temperatures, the form in which 
it solidifies being determined apparently by the nature of the 
materials with which it is mixed. If liquid nitroglycerin is 
cooled strongly, say to —20® or —60®, stirred with a glass rod, 
and seeded with particles of one or the other form, then it crystal- 
lizes in the form with which it has been seeded. If the solid is 
melted by warming, but not warmed more than a few degrees 
above its melting point, it will on being cooled solidify in the 
form, whether labile or stable, from which it had been melted. 
If, however, it is warmed for some time at 50®, it loses all prefer- 
ence for crystallizing in one form rather than in the other, and 
now shows the usual phenomena of supercooling when it is 
chilled. Crystals of the labile form may be preserved sensibly 
unchanged for a week or two, but gradually lose their trans- 
parency and change over to \ the stable form. Crystals of the 
stable form cannot be changed to the labile form except by melt- 
ing, warming above the melting point, and seeding with the 
labile form. 

Nitroglycerin is miscible in all proportions at ordinary tem- 
peratures with methyl alcohol, acetone, ethyl ether, ethyl acetate, 
glacial acetic acid, benzene, toluene, nitrobenzene, phenol, chloro- 
form, and ethylene chloride, and with homologous nitric esters 
such as dinitroglycerin, dinitrochlorohydrin, nitroglycol, and tri- 
methyleneglycol dinitrate. Absolute ethyl, propyl, isopropyl, and 
amyl alcohols mix with nitroglycerin in all proportions if they 
are hot, but their solvent power falls (?ff rapidly at lower tem- 
peratures. One hundred grams of absolute ethyl alcohol dissolves 
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37.5 grams of nitroglycerin at 0®, 54.0 grams at 20®. One hun- 
dred grams of nitroglycerin on the other hand dissolves 3.4 grams 
of ethyl alcohol at 0®, 5.5 grams at 20®. 

Nitroglycerin dissolves aromatic nitro compounds, such as di- 
nitrotoluene and trinitrotoluene, in all proportions when warm. 
When the liquids are cooled, 100 grams of nitroglycerin at 20® 
still holds in solution 35 grams of DNT or 30 grams of TNT. 
Both nitroglycerin and the polynitro aromatic compounds are 
solvents or gelatinizing agents for nitrocellulose. 

Nitroglycerin dissolves in concentrated sulfuric acid with the 
liberation of its nitric acid, and may therefore be analyzed by 
means of the nitrometer (see below). 



Nitroglycerin is destroyed by boiling with alcoholic sodium or 
potassium hydroxide, but glycerin is not formed; the reaction 
appears to be in accordance with the following equation. 

CACONOi), + 6KOH ► 

KNO, -h 2KNOi + H— COOK + CH^COOK + 3H.0 

This however is not the whole story, for resinous products, oxalic 
acid, and ammonia are also formed. If the reaction with caustic 
alkali is carried out in the presence of thiophenol, some glycerin 
is formed and the thiophenol is oxidized to diphenyl sulfide. 
Alkali sulfides, K^S, KHS, and CaS, also yield glycerin. 

Nitroglycerin vapors cause severe and persistent headache. A 
workman who is exposed to them constantly soon acquires an 
immunity. If he is transferred to another part of the plant, he 
may retain his immunity by paying a short visit every few days 
to the area in which the nitroglycerin is being used. Workmen 
appear to suffer no ill effects from handling the explosive con- 
tinually with the naked hands. Nitroglycerin relaxes the arteries, 
and is used in medicine under the name of glonoin. Spirit of 
glonoin is a 1% solution of nitroglycerin in alcohol. The usual 
dose for angina pectoris is one drop of this spirit taken in water, 
or one lactose or dextrose pellet, containing %oo grain (0.0(X)6 
gram) of nitroglycerin, dissolved under the tongue. 

Nitroglycerin is not easily inflammable. If a small quantity is 
ignited, it bums with a slight crackling and, a pale green flame — 
and may be extinguished readily before all is burned. If a larger 

amount is burned in such manner that the heat accumulates and 
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the temperature rises greatly, or if local overheating occurs as by 
burning in an iron pot, then an explosion ensues. The explosion 
of nitroglycerin by heat is conveniently demonstrated by heating 
a stout steel plate to dull redness, removing the source of heat, 
and allowing the nitroglycerin to fall drop by drop slowly onto 
the plate while it is cooling. At first the drops assume the sphe- 
roidal condition when they strike the plate and deflagrate or burn 
with a flash, but when the plate cools somewhat each drop yields 
a violent explosion. 

Nitroglycerin is very sensitive to shock, and its sensitivity is 
greater if it is warm. A drop of the liquid on a steel anvil, or a 
drop absorbed by filter paper and the paper placed upon the 
anvil, is detonated by the blow of a steel hammer. The shock 
of iron striking against stone, or of porcelain against porcelain, 
also explodes nitroglycerin, that of bronze against bronze less 
readily, and of wood against wood much less so. Stettbacher 
reports drop tests with a 2-kilogram weight: mercury fulminate 
4.5 cm., lead azide 9 cm., nitroglycerin 10-12 cm., blasting gela- 
tin 12-15 cm., and tetryl 30-35 cm. He also reports the observa- 
tions of Kast and Will and of Will that nitroglycerin at 90® 
requires only half as much drop to explode it as nitroglycerin at 
ordinary temperature, while the frozen material requires about 
three times as much. 

Nitroglycerin and nitroglycerin explosives, like all other high 
explosives, show different velocities of detonation under different 
conditions of initiation and loading. They are sometimes de- 
scribed as having low and high velocities of detonation. Berthelot 
found for nitroglycerin a velocity of 1300 meters per second in 
lead or tin tubes of 3 mm. internal diameter. Abel found 1525 
meters per second in lead pipe 30 mm. internal diameter, while 
Mettegang found 2050 meters per second in iron pipes of the 
same internal diameter. Comey and Holmes working with pipes 
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of 25-37.5 mm. internal diameter found values varying from 
1300-1500 to 8000-8500 meters per second, and, with especially 

strong detonators, they regularly found velocities between 6700 
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and 7500 meters per second. Naoum reports that blasting 
gelatin (92-93% NG, 7-8% collodion nitrocotton) has a low 
velocity of 1600-2000 meters per second and a high velocity of 
about 8000. Blasting gelatin filled with air bubbles always shows 
the higher velocity, while clear and transparent blasting gelatin 
almost always shows the lower velocity of detonation. Frozen 
dynamite is more difficult to initiate, but always detonates at the 
high velocity. 

Certain properties of nitroglycerin and of other explosives, 
reported by Brunswig, are tabulated below and compared in a 
manner to show the relative power of the substances. The spe- 
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. 712 


3470 


1580 


1,125,000 


Nitromannite 


. 723 


3430 


1520 


1,099,000 


Blasting gelatin 
(93% NG, 7% NC) . . 


. 710 


3540 


1640 


1,164,000 


75% Guhr dynamite . . . 


. 628 


3160 


1290 


810,000 


Nitrocotton (13% N). 


. 859 


2710 


1100 


945,000 


Picric acid 


. 877 


2430 


810 


710,000 


Black powder 


. 285 


2770 


685 


195,000 


Ammonium nitrate . . . 


. 937 


2120 


630 


590,000 


Mercury fulminate . . . 


. 314 


3530 


410 


129,000 



cific volume is the volume, at 0® and 760 mm., of the gaseous 
products of the explosion. This number multiplied by the heat 
of explosion gives the characteristic product which Berthelot 
considered to be a measure of the mechanical work performed 
by the explosion. The mechanical work has also been estimated, 
differently, in kilogram-meters by multiplying the heat of explo- 
sion by 425, the mechanical equivalent of heat. 

Naoum reports the results of his own experiments with nitro- 
glycerin and with other explosives in the Trauzl lead block test 
(sand tamping) , 10-gram samples, as shown below. The Trauzl test 

is essentially a measure of brisance, but for explosives of similar 
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velocities of detonation it supplies a basis for the comparison of 

their total energies. 

Exp.^nsion, 

Cubic 

Centimeters 



Nitroglycerin 560 

Nitromannito 560 

Compressed guncotton (13.2% N) 420 

Blasting gelatin 580 

65% Gelatin dynamite 410 

757o Guhr dynamite 325 

Tetryl 360 

Picric acid 300 

Trinitrotoluene 285 

Mercury fulipinate 150 



For several years after the discovery of nitroglycerin, the 
possibility of using it as an explosive attracted very little in- 
terest. Indeed, it first came into use as a medicine, and the first 
serious study on its preparation, after the work of Sobrero, was 
made by J. E. de Vrij, professor of chemistry in the Medical 
School at Rotterdam, and published in the Dutch journal of 
< pharmacy, Tijdschrift voor wetensch. pharm.y in 1855. The next 



significant w'ork was done by Alfred Nobel who in 1864 
patented improvements both in the process of manufacturing 
nitroglycerin and in the method of exploding it. No liquid explo- 
sive had been successful in practical use. Nobel believed that he 
had solved the difficulty by taking advantage of the property of 
nitroglycerin of exploding from heat or from the shock of an 
explosion. A small glass vessel containing black powder was to 
be immersed in the nitroglycerin and exploded. Another method 
was by the local heat of an electric spark or of a wire electrically 
heated under the surface of the nitroglycerin. And another was 
the percussion cap. Nobel used black powder first in glass bulbs, 
later in hollow wooden cylinders closed with cork stoppers, then 
a mixture of black powder and mercury fulminate, and later 
fulminate in small lead capsules and finally in the copper deto- 
nators which are still in general use. The invention of the blasting 
cap depended upon the discovery of the phenomenon of initia- 
tion, and signalized the beginning of a new era in the history of 
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explosives. Blasting caps were used first for the safe and certain 
explosion of the dangerous liquid nitroglycerin, but presently 
they were found to be exactly what w’as needed for the explo- 
sion of the safer and less sensitive dynamites which Nobel also 
invented. 

The first establishment for the manufacture of nitroglycerin in 
industrial quantities was a laboratory set up by Alfred Nobel 
and his father, Immanuel Nobel, probably in the autumn of 
1863, near the latter's home at Heleneborg near Stockholm. An 
explosion which occurred there in September, 1864, cost the life 
of Alfred’s younger brother, Emil, and of four other persons. 
The manufacture of nitroglycerin was prohibited within the city 
area, but the explosive was already in practical use for the tun- 
nelling operations of the State Railway, and it was desirable to 
continue its manufacture. The manufacture was removed to a 
pontoon moored in Malar Lake and was continued there during 
the late autumn of 1864 and during the following winter until 
March, 1865, w'hen it was transferred to a new factory, the first 
real nitroglycerin factory in the world, at Winterwik near Stock- 
holm. Later in the same year the Nobel company commenced 
manufacturing nitroglycerin in Germany, at a plant near Ham- 
burg, and within a few years was operating explosives factories 
in the United States and in all the principal countries of Europe. 

The first considerable engineering operation in the United 
States to be accomplished by means of nitroglycerin was the 
blasting out of the Hoosac tunnel in Massachusetts. The work 
had been progressing slowly until George M. Mowbray, an 
^^operative chemist” of North Adams, was engaged to manufac- 
ture nitroglycerin at the site of the work and to supervise its use. 
Twenty-six feet of tunnel was driven during May, 1868, 21 during 
June, 47 during July when the use of nitroglycerin commenced, 
44 during August, and 51 feet during September. Mowbray 
profited by the observation of W. P. Granger that frozen nitro- 
glycerin could not be detonated, and accordingly transported his 
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material in safety in the frozen condition.-® He described an 
explosion which occurred in December, 1870, in which the life of 
a foreman was lost, and another in March, 1871, in which a large 
amount of frozen nitroglycerin failed to explode. 

-^During the severe winter of 1867 and 1868, the Deerfield dam be- 
came obstructed with ice, and it was important that it should be cleared 
out without delay. W. P. Granger, Esq., engineer in charge, determined 
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to attempt iU removal by a blast of nitroglycerine. In order to appreciate 
the following details, it must be borne in mind that the current litera- 
ture of this explosive distinctly asserted that, when congealed, the slight- 
est touch or jar was sufficient to explode nitroglycerine. Mr. Granger 
desired me to prepare for him ten cartridges, and, as he had to carry 
them in his sleigh from the west end of the tunnel to the east end or 
Deerfield dam, a distance of nine miles over the mountain, he requested 
them to be packed in such a way that they would not be affected by 
the inclement weather. 1 therefore caused the nitrodycerine to be 
warmed up to ninety degrees, warmed the cartridges, and, after chai*ging 
them, packed them in a box with sawdust that had been heated to the 
same temperature; the box was tied to the back of the sleigh, with a 
buffalo robe thrown over it. In floundering across the divide where banks, 
road, hedge and water courses were indistinguishable beneath the drifted 
snow, horse, sleigh and rider were upset, the box of cartridges got loose, 
and were spread indiscriminately over the snow. After rectifying this 
mishap, picking up the various contents of the sleigh, and getting ready 
to start again, it occurred to Mr. Granger to examine his cartridges ; his 
feelings may be imagined when he discovered the nitroglycerine frozen 
solid. To have left them behind and proceeded to the dam, where miners, 
engineers and laborers were waiting to see this then much dreaded ex- 
plosive, would never do; so accepting the situation, he replaced them in 
the case, and, laying it between his feet, proceeded on his way, thinking 
a heap but saying nothing. Arrived, he forthwith attached fuse, exploder, 
powder and some guncotton, and inserted the cartridge in the ice. Light- 
ing the fuse, he retired to a proper distance to watch the explosion. 
Presently a sharp crack indicated that the fuse had done its work, and, 
on proceeding to the hole drilled in the ice, it was found that fragments 
of the copper cap were imbedded in the solid cylinder of congealed 
nitroglycerine, which was driven through and out of the tin cartridge 
into the anchor ice beneath, but not exploded. A second attempt was 
attended with like results. Foiled in attempting to explode the frozen 
nitroglycerine, Mr. Granger thawed the contents of another cartridge, 
attached the fuse and exploder as before; this time the explosion was 
entirely successful. From that day I have never transported nitroglycerine 
except in a frozen condition, and to that lesson are we indebted for the 
safe transmission of more than two hundred and fifty thousand pounds 
of this explosive, over the roughest roads of New Hampshire, Vermont, 
Massachusetts, New York, and the coal and oil regions of Pennsylvania, 
in spring wagons with our own teams. 

The new magazine had hardly been completed, and stored 
with nitroglycerine, when, on Sunday morning, at half past 
six o’clock, ilarch twelfth, 1871, the neighborhood was star- 
tled by another explosion of sixteen hundred pounds of 
nitroglycerine. The cause of this last explosion was continu- 
ous overheating of the magazine. . . . The watchman con- 
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fessed he had neglected to examine the thermometer, made 
his fire under the boiler, and gone to bed. . . . Fortunately, 
this accident involved no damage to life or limb, whilst a 
very instructive lesson was taught in the following circum- 
stance; Within twelve feet of the magazine was a shed, six- 
teen feet by eight, containing twelve fifty-pound cans of 
congealed nitroglycerine ready for shipment. This shed was 
utterly destroyed, the floor blasted to splinters, the joists 
rent to fragments, the cans of congealed nitroglycerine driven 
into the ground, the tin of which they were composed perfo- 
rated, contorted, battered, and portions of tin and nitrogly- 
cerine sliced off but not exploded. Now, this fact proves one 
of two things: Either that the tri-nitroglyccrinc made by 
the ^Iowbray process, differs from the German nitroglycerine 
in its properties, or the statements printed in the foreign 
journals, as quoted again and again, that nitroglycerine, 
when congealed, is more dangerous than when in the fluid 
state, are erroneous. 

Mowbray used his nitroglycerin in the liquid state, either 
loaded in cylindrical tin cannisters or cartridges, or poured 
directly into the bore hole, and exploded it by means of electric 
detonators. The electric detonators were operated by means of a 
static electric machine which caused a spark to pass between 
points of insulated wire; the spark set fire to a priming mixture 
made from copper sulfide, copper phosphide, and potassium 
chlorate; and this fired the detonating charge of 20 grains of 
mercury fulminate contained in a copper capsule, the whole 
being waterproofed with asphaltum varnish and insulated elec- 
trically with gutta-percha. The devices were so sensitive that they 
could be exploded by the static electricity which accumulated on 



the body of a miner operating a compressed air drill, and they 
required corresponding precautions in their use. 

Liquid nitroglycerin is still used as an explosive to a limited 
extent, particularly in the blasting of oil wells, but its principal 
use is in the manufacture of dynamite and of the propellants, 
ballistite and cordite. 

Dinitroglycerin (Glyceryl dinitrate) 

Dinitroglyccrin does not differ greatly from nitroglycerin in 
its explosive properties. It is appreciably soluble in water, and 
more expensive and more difficult to manufacture than nitrogly- 
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cerin. It mixes with the latter substance in all proportions and 
lowers its freezing point, and was formerly used in Germany in 
such mixtures in non-freezing dynamites. It has now been super- 
seded entirely for that purpose by dinitrochlorohydrin which is 
insoluble in water, and cheaper and more convenient to manu- 
facture. 

Pinitroglycerin is never formed alone by the nitration of 
glycerin but is always accompanied by the trinitrate or the 
mononitrate or both. If the nitration is carried out in a manner 
to give the best yields of the dinitrate, then considerable tri- 
nitrate is formed: if the process is modified to reduce the yield 
of trinitrate, then the yield of dinitrate is also reduced and some 
mononitrate is formed. If 3 or 4 parts by weight of nitric acid is 
added slowly to 1 part of glycerin, so that the glycerin or its 
nitrated product is always in excess, then the dinitrate is the 
principal product. If the order of mixing is reversed, so that' the 
glycerin dissolves first in the strong nitric acid, then the yield of 
trinitrate is more considerable. Dinitroglycerin is formed if gly- 
cerin is added to mixed acid which is low in nitric acid or high 
in water, or which contains insufficient sulfuric acid for the nec- 
essary dehydrating action. It is also one of the products of the 
hydrolysis of nitroglycerin by cold concentrated (959^?) sulfuric 
acid, the trinitrate by this reagent being in part dissolved and in 
part converted to the dinitrate, the mononitrate, and to glyceryl 
sulfate according to the relative amount of sulfuric acid which is 
used. Dinitroglycerin is separated from its mixture with nitro- 
glycerin and obtained pure by treating the oil with about 15 vol- 
umes of water, separating the insoluble trinitrate, extracting the 
aqueous solution with ether, washing the ether with dilute sodium 
carbonate solution, and evaporating. The resulting dinitrogly- 
cerin gives a poor heat test because of the peroxide which it 
contains from the ether. Material which gives an excellent heat 
test may be procured by evaporating the aqueous solution in 
vacuum. 

The dinitroglycerin obtained by the nitration of glycerin is a 
colorless, odorless oil, more viscous and more volatile than nitro- 
glycerin. It causes the same kind of a headache. It has a specific 
gravity of 1.51 at 15®, boils at 146-148® at 15 mm, with only 
slight decomposition, and solidifies at —40® to a glassy solid 
which melts if the temperature is raised to —30®. It is readily 
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soluble in alcohol, ether, acetone, and chloroform, somewhat less 
soluble than nitroglycerin in benzene, and insoluble in carbon 
tetrachloride and ligroin. It consists of a mixture of the two pos- 
sible structural isomers, the 1,2- or a, /3-dinitrate, known also as 
“dinitroglycerin F,” and the 1,3- or a,a'-dinitrate or “dinitrogly- 
cerin K.” Both are uncrystallizable oils, and both are hygroscopic 
and take up about 3% of their weight of moisture from the air. 
They are separated by virtue of the fact that the a, a' -dinitrate i 
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forms a hydrate with onc-tiiird of a molecule of water, 
C:tH,; 07 N 2 -f % H-0, water-clear prisms, m.p. 26°, No hydrate 
of the a,j8-dinitrate has ever been isolated in the state of a crys- 
talline solid. If a test portion of the moist mixture of the isomers 
is mixed with fuller's earth and chilled strongly, it deposits 
crystals; and if these are used for seeding the principal quantity 
of the moist dinitroglycerin, then the hydrate of the ot,a'-dinitrate 
crystallizes out. It may be recrystallizcd from water, or from 
alcohol, ether, or benzene without losing its water of crystalliza- 
tion, but it yields the anhydrous a, 2 '-dinitrate if it is dried over 
sulfuric acid or warmed in the air at 40°. 

The chemical relationships between the mononitroglycerins and 
dinitroglycerins supply all the evidence wdiich is needed for infer- 
ring the identities of the isomers. Of the two mononitrates, the 
/^-compound obviously cannot yield any a,a'-dinitrate by nitra- 
tion; it can yield only the a,/3-. That one of the two isomers 
which yields only one dinitrate is therefore the ^-mononitrate, 
and the dinitrate which it yields is the a,;3-dinitrate. The 
a-mononitrate on the other hand yields both the a,j3- and the 
2 ,a'-dinitrates. 




Both of the dinitroglycerins on treatment with 30% sodium 
hydroxide solution at room temperature yield nitroglycidc, and 
this substance on boiling with water gives a-mononitroglyccrin, 
a series of reactions which demonstrates the identity of the last- 
named compound. 

Dinitroglyccrin is a feeble acid and gives a wine-red color with 
blue litmus, but none of its salts appear to have been isolated 
and characterized. It docs not decompose carbonates, but dis- 
solves in caustic alkali solutions more readily than in water. One 
hundred parts of water alone dissolves about 8 parts at 15° and 
about 10 parts at 50°. 

Dinitroglycerin gelatinizes collodion nitrocotton rapidly at 
ordinary temperature. The gel is sticky, less elastic, and more 
easily deformed than a nitroglycerin, gel. Unlike the latter it is 
hygroscopic, and becomes softer and greasier from the absorption 
of moisture frt)in the air. Water dissolves out the dinitroglycerin 
and leaves the nitrocellulose as a tough, stiff mass. 

Dinitroglycerin has about the same sensitivity to initiation as 
nitroglycerin, only slightly less sensitivity to shock, and offers 
no marked advantages from the point of view of safety. It shows 
a greater stability in the heat test, and a small amount can be 
evaporated by heat without explosion or deflagration. It gives 
off red fumes above 150°, and at 170° decomposes rapidly with 
volatilization and some deflagration, or in larger quantities 
shows a tendency to explode. 

Naoum reports that a 10-gram sample of dinitroglycerin in 
the Trauzl test with w^ater tamping gave a net expansion of 
about 500 cc., or 83.3% as much as the expansion (600 cc.) pro- 



duced by 10 grams of nitroglycerin under the same conditions. 
He points out that the ratio here is almost the same as the ratio 
between the heats of explosion, and that in this case the Trauzl 
test has supplied a fairly accurate measure of the relative energy 
contents of the two explosives. In the small lead block test the 
effect of the greater brisance and higher velocity of detonation 
of nitroglycerin becomes apparent; 100 grams of dinitroglycerin 
gave a compression of 21 mm. while the same amount of nitro- 
glycerin gave one of 30 mm. 

2 IS 

Mononitroglycerin (Glyceryl mononitrate) 

Mononitroglycerin is a by-product in the preparation of dini- 
tfoglycerin and is separated from the latter substance by its 
greater solubility in water. It is usually obtained as a colorless 
oil, density 1.417 at 15°, more viscous than dinitroglycerin and 
less viscous than nitroglycerin. This oil is a mixture of the two 
isomers which arc crystalline when separate but show little tend- 
ency to crystallize when they are mixed. a-Mononitroglyccrin 
when pure consists of colorless prisms, m.p. 58-59°, specific 
gravity 1.53 at 15°; it yields both of the dinitrates on nitration. 
The )3-compound crystallizes in dendrites and leaflets, m.p. 54°, 
and is more readily soluble in ether than the a-compound; it 
yields only the a,/?-dinitrate on nitration. Both isomers boil at 
155-160° at 15 mm. 

Mononitroglycerin resembles glycerin in being very hygro- 
scopic and miscible in all proportions with water and alcohol, 
and in being only slightly soluble in ether, but it differs from 
glycerin in being freely soluble in nitroglycerin. It does not form 
a satisfactory gel with collodion cotton. Its aqueous solution 
reacts neutral. It appears to be perfectly stable on moderate 
heating, but decomposes to some extent at 170°, gives off gas, 
and turns yellow. 

Mononitroglycerin is insensitive to shock. In the form of oil 
it is not detonated by a No. 8 blasting cap in the Trauzl test. 
If the oil is absorbed in fuller's earth, 10 grams gives a net expan- 
sion of 75 cc. The crystalline material, however, detonates easily; 
10 grams gives an expansion of 245 cc. It is interesting to com- 
pare these results, reported by Naoum, with the results which 
the same author reports for nitroglycidc which is the anhydride 
of mononitroglyccrin. Ten grams of liquid nitroglycidc with 'water 
tamping and a No. 8 detonator gave a net expansion of 430 cc.; 
10 grams absorbed in fuller's earth, with sand tamping, gave 
310 cc. ; and 10 grams gelatinized with 5% collodion nitrocotton, 
with sand tamping, gave 395 cc. 

Nitroglycidc 

This substance cannot be prepared by the nitration of glycide, 
for the action of acids upon that substance opens the ethylene 

219 

oxide ring, and mononitroglycerin is formed. Nitroglycide was 
first prepared by Naoum in 1907 by sliaking dinitroglyccrin at 
room temperature with a 30% aqueous solution of sodium 
hydroxide. The clear solutif)n presently deposited a colorless 
oil, and this, washed with water and dried in a desiccator, con- 
stituted a practically quantitative yield of nitroglycide. 

Nitroglycide is a very mobile liquid with a faint but pleasant 
aromatic odor, specific gravity 1.332 at 20°. It docs not freeze 
at —20°. It boils at 94° at 20 mm., and with some decomposition 
at 174-175° at atmospheric pressure. It is not hygroscopic but is 
distinctly soluble in water, 5 grams in 1(X) cc. at 20°. Ether will 
extract nitroglycide from the cool aqueous solution; if the solu- 
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tion is boiled, however, the nitroglycide is hydrated to mono- 
nitroglycerin. Nitroglycide is miscible in all proportions with 
alcohol, ether, acetone, ethyl acetate, and nitroglycerin. It gelat- 
inizes collodion nitrocotton and even guncotton rapidly at ordi- 
nary temperature. It explodes in contact with concentrated sul- 
furic acid. If dissolved in dilute sulfuric acid and then treated 
with strong sulfuric acid, it gives off nitric acid. It is converted 
into dinitroglycerin and nitroglycerin by the action of nitric acid. 
It dissolves in concentrated hydrochloric acid with the evolution 
of considerable heat, and the solution on dilution with water 
gives a precipitate of monochlorohydrin mononitrate. Nitrogly- 
cide reduces ammoniacal silver nitrate slowly on gentle warming; 
glycide reduces the same reagent in the cold. 

When heated rapidly in a test tube nitroglycide explodes with 
a sharp report at 195-200°. It is more easily detonated than 
liquid nitroglycerin. Naoum believes that its great sensitivity 
results mainly from the easy propagation of the wave of detona- 
tion by a liquid of low viscosity. He points out further that 
mononitroglycerin has 69.5% of the energy content (i.e., heat of 
explosion) of nitroglycide, but as a crystal powder in the Trauzl 
test it gives only about 62% as much net expansion, whence it is 
to be inferred that nitroglycide has the higher velocity of detona- 
tion. Nitroglycide has only 52% of the energy content of nitro- 
glycerin, but produces 72% as much effect in the Trauzl test. It 
is therefore “relatively more brisant than nitroglycerin.” 
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Dinitrochlorohydrin (Glycerin chlnrohydrin dinitrate) 

Among the various substances which may be used in admixture 
with nitroglycerin for the purpose of lowering its freezing point, 
dinitrochlorohydrin is preferred in Germany but has not found 
favor in the Lnited States. Since dinitrochlorohydrin is distinctly 
safer to prepare than nitroglycerin, it is most commonly prepared 
by itself, that is, by the nitration of chlorohydrin which is sub- 
stantially pure and contains not more than a small amount of 
glycerin. The product is used directly for the preparation of cer- 
tain explosives, or it is mixed with nitroglycerin for the manu- 
facture of non-freezing dynamites. 

Chlorohydrin is pre])ared by autoclaving glycerin with con- 
centrated hydrochloric acid or by treating it at moderate tem- 
perature with sulfur chloride. In the former process, in order to 
avoid the formation of dichlorohydrin, only enough hydrochloric 
acid is used to convert about 75% of the glycerin. The product 
is procured by a vacuum distillation. The monochlorohydrin, 
which consists almost entirely of the a-compound, comes over 
between 130° and 150° at 12-15 mm. and the unchanged glycerin 
between 165° and 180°. It is nitrated with the same mixed acid 
as is used for the preparation of nitroglycerin; less acid is needed 
of course, less heat is produced, and the process is safer and more 
rapid. 

CH.-OH CH.-C1 Clh—C\ 

1 I I 

cn— OH ► CH— OH ► CH— ONO. 

I i I ' 

CHr-OH CHa— OH CH.— ONOj 

If a mixture of chlorohydrin and glycerin is nitrated, the result- 
ing mixture of nitrates contains relatively more nitroglycerin 
than the original mixture contained of glycerin, for the relative 
increase of molecular weight during the nitration of glycerin is 
greater. 

Commercial dinitrochlorohydrin is usually yellowish or brown- 



ish in color, specific gravity about 1.541 at 15°. It boils at atmos- 
pheric pressure with decomposition at about 190°. It may be 
distilled at 13 mm. at 121.5'^, or at 10 mm. at 117.5°, but some 
decomposition occurs for the distillate is acid to litmus. 

Dinitrochlorohydrin is non-hygroscopic, distinctly more vola- 
tile than nitroglycerin, and it has similar physiological effects. It 
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can be frozen only with great difficulty, shows a strong tendency 
to supercool, and can be kept for a long time at —20° without 
depositing crystals. The solubility of dinitrochlorohydrin and 
nitroglycerin in each other is so great that only small quantities 
of nitroglycerin can be frozen out from the mixtures, even after 
seeding, at winter temperatures. A mixture of 75 parts of nitro- 
glycerin and 25 parts of dinitrochlorohydrin is practically non- 
freezing, and yields a dynamite which is not significantly less 
strong than one made from straight nitroglycerin. 

Dinitrochlorohydrin does not take fire readily, and, if ignited, 
burns rather slowly without detonating and with but little of the 
sputtering which is characteristic of nitroglycerin mixtures. “Even 
larger quantities of pure dinitrochlorohydrin in tin cans bum 
without explosion when in a fire, so that liquid dinitrochloro- 
hydrin is permitted on German railroads in tin cans holding 
25 kg., as a safe explosive for limited freight service in the 200 kg. 
class, while liquid nitroglycerin is absolutely excluded.” Di- 
nitrochlorohydrin is more stable toward shock than nitroglycerin. 
Naoum, w'orking with a pure sample, was not able to secure a 
first-rate explosion in the drop test. A 2-kilogram weight 
dropped from a height of 40 cm. or more gave a very slight 
partial decomposition and a slight report, from a height of 75 cm. 
or more, a somewhat more violent partial deflagration but in no 
case a sharp report, and even a 10-kilogram weight dropped 
from a height of 10 or 15 cm. gave a very weak partial decom- 
position. The substance, however, is detonated readily by fulmi- 
nate. It gives in the Trauzl test a net expansion of 475 cc., or 
79% of the 600-cc. expansion given by nitroglycerin, although its 
heat of explosion is only about 71% of the heat of explosion of 
nitroglycerin. 

Dinitrochlorohydrin produces hydrogen chloride when it ex- 
plodes. This would tend to make it unsuitable for use in mining 
explosives were it not for the fact that the incorporation into the 
explosives of potassium or sodium nitrate sufficient to form 
chloride with the chlorine of the dinitrochlorohydrin prevents it 
altogether- — and this amount of the nitrate is usually present 
anyway for other reasons. 222 

Acetyldinitroglycerin (monoacetin dinitrate) and forrayldi- 
nitroglycerin (monoformin dinitrate) have been proposed by 
Vender for admixture with nitroglycerin in non-freezing dyna- 
mite. TIic former substance may be prepared by nitrating 
monoacetin or by acetylating dinitroglycerin. The latter sub- 
stance may be procured already mixed with nitroglycerin by 
warming glycerin with oxalic acid, whereby monoformin (gly- 
ceryl monoformate) is formed, and nitrating the resulting mix- 
ture of monoformin and glycerin. Formyldinitroglycerin has 
apparently not yet been isolated in the pure state. These sub- 
stances are satisfactory explosives but are more expensive to 
manufacture than dinitrochlorohydrin over which they possess 
no distinct advantage, and they have not come into general use. 

Tetranitrodiglycerin (Diglycerin tetranitrate) 

If glycerin is heated with a small amount of concentrated 
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sulfuric acid, ether formation occurs, water splits out, and digly- 
cerin and poly glycerin are formed. If the heating is carried out 
in the absence of acids, and in such a way that the water which 
is formed is allowed to escape while the higher-boiling materials 
are condensed and returned, especially if a small amount of 
alkali, say 0.5%, or of sodium sulfite is present as a catalyst, 
then the principal product is diglycerin and not more than a few 
per cent of polyglycerin is formed. It is feasible for example to 
convert glycerin into a mixture which consists of 50-60% di- 
glycerin, 4r-6% polyglycerin, and the remainder, 34-46%, un- 
changed glycerin. The diglycerin is ordinarily not isolated in the 
pure state. The mixture, either with or without the addition of 
glycerin, is nitrated directly to form a mixture of tetranitro- 
diglycerin and nitroglycerin which is used for the manufacture 
of non-freezing dynamite. 

Diglycerin when obtained pure by a vacuum distillation is a 
water-white liquid, more viscous and more dense than glycerin, 
sweet-tasting, very hygroscopic, b.p. 245-250® at 8 mm. It is 
nitrated with the same mixed acid as glycerin, although a smaller 
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amount is necessary. Salt solutions are always used for washing 
the nitrated product, otherwise the separation of the phases is 
extremely slow. 
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Tetranitrodiglyccrin is a very viscous oil, non-hygroscopic, in- 
soluble in water, and readily soluble in alcohol and in ether. It 
has not been obtained in the crystalline state. It is not a good 
gelatinizing agent for collodion cotton when used alone. Its mix- 
ture with nitroglycerin gelatinizes collodion cotton more slowly 
than nitroglycerin alone but gives a satisfactory gel. It is less 
sensitive to mechanical shock than nitroglycerin, about the same 
as dinitroglycerin, but is readily exploded by fulminate. Accord- 
ing to Naoum 75% tetranitrodiglyccrin guhr dynamite gave in 
the Trauzl test a net expansion of 274 cc. or 85,6% of the expan- 
sion (320 cc.) produced by 75% nitroglycerin guhr dynamite. 



Nitroglycol (Ethylene glycol dinitrate, ethylene dinitrate) 
Nitroglycol first found favor in France as an ingredient of 
non-freezing dynamites. It has many of the advantages of nitro- 
glycerin and is safer to manufacture and handle. Its principal 
disadvantage is its greater volatility. Formerly the greater cost 
of procuring glycol, which is not as directly accessible as glycerin 
but has to be produced by synthesis from ethylene, was an im- 
pediment to its use, but new sources of ethylene and new methods 
of synthesis have reduced its cost and increased its accessibility. 

Ethylene was formerly procured from alcohol (itself produced 
from raw material which was actually or potentially a foodstuff) 
by warming with sulfuric acid, by passing the vapors over heated 
coke impregnated with phosphoric acid, or by comparable meth- 
ods. Ethylene combines with bromine to give ethylene dibromide, 
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which yields glycol by hydrolysis, but bromine is expensive. 



Ethylene also combines readily with chlorine, ^ut, even if care 
is exercised always to have the ethylene present in excess, sub- 
stitution occurs, and tri- and tetrachloroethane are formed along 
with the ethylene dicliloridc, and these do not yield glycol by 
hydrolysis. Ethylene is now produced in large quantities during 
the cracking of petroleum. Its comportment with chlorine water 
has been found to be much more satisfactory for purposes of 
synthesis than its comportment with chlorine gas. Chlorine water 
contains an equilibrium mixture of hydrogen chloride and hypo- 
chlorous acid. 

Ch + H3O ^ HCl + HOCI 



Ethylene adds hypochlorous acid more readily than it adds either 
moist chlorine or hydrogen chloride. Bubbled into chlorine water, 
it is converted completely into ethylene chlorohydrin, and by the 
hydrolysis of this substance glycol is obtained. Ethylene chloro- 
hydrin is important also because of its reaction with ammonia 
whereby mono-, di-, and triethanolamine are fonned, substances 
which are used in the arts and are not without interest for the 
explosives chemist. Ethylene may be oxidized catalytically in the 
gas phase to etliylene oxide which reacts with water to form 
glycol and with glycol to form diglycol which also is of interest 
to the dynamite maker. 




Glycol is a colorless liquid (bluer than w^ater in thick layers), 
syrupy, sweet tasting, less viscous than glycerin, specific gravity 
1.1270 at 0®, 1.12015 at 10®, and 1.11320 at 20®. It shows a 
tendency to supercool but freezes at temperatures between — 13® 
and —25®, and melts again at —11.5®. It boils at 197.2® at 
atmospheric pressure. It is very hygroscopic, miscible in all pro- 
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portions with water, alcohol, glycerin, acetone, and acetic acid, 
and not miscible with benzene, chloroform, carbon disulfide, and 
ether. 

Nitroglycol is manufactured with the same mixed acid and 
with the same apparatus as nitroglycerin. Somewhat more heat 
is produced by the nitration reaction, and, as glycol is less viscous 
than glycerin, it is feasible to conduct the operation at a lower 
temperature. The washing is done with cold water and with less 
agitation by compressed air, and smaller amounts of wash water 
are used than are used with nitroglycerin, for nitroglycol is 
appreciably more volatile and more soluble in water. The tend- 
ency of the partially washed product to undergo an acid- 
catalyzed decomposition is less in the case of nitroglycol than 
in the case of nitroglycerin. 

Nitroglycol is a colorless liquid, only slightly more viscous 
than water, specific gravity (x®/15°) 1.5176 at 0®, 1.5033 at 10®, 
and 1.4890 at 20®. It freezes at about —22.3®. Rinkenbach 
reports the index of refraction of nitroglycol for white light to be 
1,4452 at 22.3®, and that of a commercial sample of nitroglycerin 
under the same conditions to be 1.4713. The same author reports 
the vapor pressure of nitroglycol to be 0,007 mm. of mercury at 
0® and 0.0565 mm. at 22°, and points out that its vapor pressure 
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at 22° is approximately 150 times as great as the vapor pressure, 
0.00037 mm., reported by Peace and Marshall for nitroglycerin 
at 22°. Nitroglycol produces a headache similar to that produced 
by nitroglycerin, but, corresponding to its greater volatility, the 
headache is more violent and does not last so long. Nitroglycol 
is non-hygroscopic. Its comportment with organic solvents is 
similar to that of nitroglycerin, but it is distinctly more soluble 
in water than that substance. Naoum reports that 1 liter of 
water at 15° dissolves 6.2 grams of nitroglycol, at 20° 6.8 grams 
of nitroglycol or 1.8 grams of nitroglycerin, and at 50° 9.2 grams 
of nitroglycol. 

Nitroglycol has a slightly larger energy content than nitro- 
glycerin. In the Trauzl test with 10-gram samples and water 
tamping, Naoum found that nitroglycol gave a net expansion 
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of 650 cc. and nitroglycerin one of 590 cc. Nitroglycol, like nitro- 
glycerin, burns with sputtering and explodes if local overheating 
occurs, but nitroglycol and nitroglycol explosives in general burn 
more quietly and show less tendency to explode from heat than 
the corresponding nitroglycerin preparations. Nitroglycol ex- 
plodes with a sharp report if heated rapidly to 215°. It is less 
sensitive to mechanical shock than nitroglycerin. Naoum re- 
ports the height of drop necessary to cause explosion, with a 
2-kilogram weight, as follows. 

Height op Drop, Centimeters 
Nitroglycol Nitroglycerin 

Drop absorbed on filter paper 20-25 8-10 

Blasting gelatin 25-30 12 

Guhr dynamite 15 5 

Rinkenbach reports tests with a small drop machine having a 
weight of 500 grams, nitroglycol 110 cm., nitroglycerin 70 cm., 
and a commercial mixture of nitroglycerin and nitropolyglycerin 
90 cm. 

Nitroglycol gelatinizes collodion cotton much faster than nitro- 
glycerin and acts at ordinary temperatures, while nitroglycerin 
requires to be w^armed. The greater volatility of nitroglycol does 
not affect its usefulness in gelatin dynamite, especially in tem- 
perate climates, but renders it unsuitable for use during the warm 
season of the year in ammonium nitrate explosives which contain 
only a few per cent of the oily nitric ester. It is too volatile for 
use in double-base smokeless powder, for its escape by evapora- 
tion affects the ballistic properties. 

Dinitrodiglycol (Diethylene glycol dinitrate) 

A study of the preparation and properties of dinitrodiglycol 
was reported by Rinkenbach in 1927 and a further study of the 
nitration of diethylene glycol by Rinkenbach and Aaronson 
in 1931. Dinitrodiglycol is a viscous, colorless, and odorless liquid, 
specific gravity (x°/15°) 1.4092 at 0°, 1.3969 at 10°, and 1.3846 
at 20°, freezing point —11.5°. It is completely miscible at ordi- 
nary temperatures with nitroglycerin, nitroglycol, ether, acetone, 
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methyl alcohol, chloroform, benzene, and glacial acetic acid. It 
is immiscible, or only slightly soluble, in ethyl alcohol, carbon 
tetrachloride, and carbon disulfide. It is slightly hygroscopic and 
is soluble in water to the extent of about 4.1 grams per liter of 
w'ater at 24°. It can be ignited only with difficulty, and in small 
quantity is not readily exploded by heat. It is less sensitive than 
nitroglycol in the drop test. It is so insensitive to initiation that 
it will not propagate its own detonation under conditions where 
nitroglycol and nitroglycerin will do it. In 50/50 mixture how- 



ever with either of these substances it detonates satisfactorily 
“and shows an explosive effect but little less than that of either 
of these compounds.” It has a vapor pressure of about 0.007 mm. 
of mercury at 22.4°, and produces headaches similar to those pro- 
duced by nitroglycerin. 

Trinitrophenoxycthyl Nitrate 

Another explosive which is preparable from glycol and which 
may perhaps be of interest for special purposes in the future is 
the j8-2,4,6-trinitrophenoxyethyl nitrate described by Wasmer 
in 1938. Glycol is converted into its monosodium derivative, and 
this is made to react with dinitrochlorobenzene at 130° for the 
production of ^-dinitrophenoxyethyl alcohol which gives the ex- 
plosive by nitration with mixed acid. 



-OH 

-OH 

-ONa' 




NO, 



Trinitrophenoxy ethyl nitrate is procured as a white powder, m.p. 
104.5°, insoluble in water and readily soluble in acetone. It gelat- 
inizes collodion nitrocotton, and is intermediate between picric 
acid and tetryl in its sensitivity to mechanical shock. 
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Nitration of Ethylene 

By passing ethylene into a mixture of concentrated nitric and 
sulfuric acids Kekulc obtained an oil, specific gravity 1.47, 
w’hich broke down when distilled with steam to give glycollic 
acid, oxalic acid, nitric o.xide, and nitric acid. On reduction with 
sodium amalgam it yielded glycol and ammonia aimmg other 
products. Wieland and Sakellarios distilled the Kekulc oil in 
steam and then in vacuum, and obtained nitroglycol, b.p. 105° 
at 19 mm., and )3-nitroethyl nitrate, b.p. 120-122° at 17 mm. 
These two substances are evidently formed from ethylene by the 
reactions indicated below. 
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OH CHj— OH CH,— ONO. 
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NitrofUycol 



A considerable amount of nitrous acid is present in the spent 
acid. ^-Nitroethyl nitrate is feebly acidic and dissolves in dilute 
alkali solutions with a yellow color. It is not sufficiently stable 
for use in commercial explosives. On digestion with warm water 
or on slow distillation with steam it undergoes a decomposition 
or sort of hydrolysis whereby nitrous acid and other materials 
are produced. Numerous patents have been issued for processes of 
procuring pure nitroglycol from the Kckule oil. One hundred 
parts of the last-named material yield about 40 parts of nitro- 
glycol, and the economic success of the process depends upon the 
recovery of valuable by-products from the /3-nitroethyl nitrate 
which is destroyed. 

Ohman in Sweden has developed an ingenious electrolytic 
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proccs^s for the production of nitric esters direct from ethylene. 
The discharge of the nitrate ion (N07) at the anode liberates the 
free nitrate radical (NO3) which in part combines directly with 
ethylene to form nitroglycol. 

CHj CHj-^NO, 

II + 2NO, ^ I 

CH. CHr-ONO, 

229 , 

Another portion of the free nitrate radical apparently reacts with 
itself and with water as indicated below, and the oxygen w’hich 
becomes available enters into the reaction with the consequent 
formation of dinitrodiglycol. 



J2N03 ^ N A + 10] 

IN 2 O 5 + H^O » 2HN0, 

CH, 

\ + 101 + 2N0. 

CHj 



CH3-ONO, 

in* 

ifli— ONOs 



A platinum gauze anode is used. It is immersed in an acetone 
solution of calcium nitrate which is kept continuously saturated 
with ethylene which is bubbled through in such manner that it 
sweeps over the surface of the platinum gauze. An aluminum 
cathode is used, in a catholyte consisting of a nitric acid solution 
of calcium nitrate, and the cathode compartment is filled to a 
higher level since the liquid moves into the anode compartment 
as the electrolysis progresses. After the electrolysis, the cathode 
liquid is fortified with nitric acid for use again. The anode liquid 
is neutralized with slaked lime, and distilled in vacuum for the 
recovery of the acetone, and the residue, after the removal of 
calcium nitrate, washing, and drying, consists of a mixture of 
nitroglycol and dinitrodiglycol and is known as Oxinite, Dyna- 
mites made from Oxinite differ but little from those made from 
nitroglycerin. 



Pentryl 

Pentryl, or 2,4,6-trinitrophenylnitraminoethyl nitrate, is an- 
other explosive which is derived from ethylene. It is a nitric ester, 
an aromatic nitro compound, and a nitroamine. The substance 
was described in 1925 by Moran who prepared it by the action 
of mixed acid on 2,4-dinitrophenylethanolamine (large orange- 
yellow crystals from alcohol, m.p. 92°) procured by the inter- 
action of dinitrochlorobenzene with ethanolamine. von Herz later 
prepared pentryl by the nitration of /S-hydroxyethylaniline, a 
material w’hich is more commonly called phenylethanolamine and 
is now available commercially in this country, and was granted 

British and German patents for its use for certain military 
purposes. The genesis of pentryl from ethylene, through the inter- 
mediacy both of ethanolamine and of phenylethanolamine, is 
indicated below. The preparation and properties of pentryl have 
been studied extensively by LeRoy V. Clark at the U. S. Bureau 
of Mines. By the reaction of dinitrochlorobenzene in the presence 
of sodium hydroxide with ethanolamine in alcohol solution at 
70-80° he procured dinitrophenylethanolamine in 70% yield. The 
alcohol solution w^as filtered for the removal of sodium chloride, 
which was found to be mixed with a certain quantity of the 
by-product tetranitrodiphenylethanolamine (lemon-yellow fine 
powder, m.p. 222°) ; it was then concentrated to about one-third 
its volume, and deposited crystals of the product on cooling. This 
^material, dissolved in concentrated sulfuric acid and nitrated by 




adding the solution to nitric acid and heating, gave pentryl in 
yields of about 90%, minute cream-colored crystals from ben- 
zene, m.p. 128°. 

Clark reports that pentryl has an absolute density of 1.82 and 
an apparent density of only 0.45. When compressed in a detonator 
shell at a pressure of 3400 pounds per square inch, it has an 
apparent density of 0.74. It is soluble to some extent in most of 
the common organic solvents, and is very readily soluble in nitro- 
glycerin. In the drop test with a 2-kilogram w^eight, 0.02 gram of 
pentryl was exploded by a drop of 30 cm., a similar sample of 
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tetryl by one of 27.5 cm., and one of picric acid by a drop of 
42.5 cm., while TNT was not exploded by a drop of 100 cm. 
It is somewhat more sensitive to friction than tetryl, and much 
more sensitive than picric acid and TNT. Pentryl explodes in 
3 seconds at 235°. 

The results of Clark's experiments to determine the minimum 
amounts of primary explosive necessary to initiate the explosion 
of pentryl and of other high explosives are tabulated below. For 

Minimum Initiating Ch.\rge (Grams) op 





Diazodi- 


Mercury 






nitrophenol 


Fulminate 


Lead Azide 


Pentryl 


0.095 


0.150 


0.025 


Picric acid 


0.115 


0225 


0.12 


TNT 


0.163 


0240 


0.16 


Tetryl 


0.075 


0.165 


0.03 


Trinitroresorcinol 


0.110 


0225 


0,075 


Trinitrobenzaldehyde 


0.075 


0.165 


0.05 


Tetranitroaniline 


0.085 


0.175 


0.05 


Hexanitrodiphenylamine . . 


0.075 


0.165 


0.05 



the purpose of these experiments a half- gram portion of the high 
explosive w^as weighed into a No. 8 detonator shell, a weighed 
amount of primary explosive was introduced on top of it, and 
both were compressed under a reenforcing capsule at a pressure 
of 3400 pounds per square inch. Without the reenforcing capsule 
diazodinitrophenol did not cause detonation, and pentryl required 
0.035 gram of lead azide and more than 0.4 gram of fulminate. 
The results show that pentryl has about the same sensitivity to 
initiation as tetryl and hexanitrodiphenylamine. 

In the small Trauzl test pentryl caused an expansion of 15.8 
cc., while the same weight of tetryl caused one of 13,8 cc., TNT 
12.2 cc., and picric acid 12.4 cc. In the small lead block compres- 
sion test, in which 50 grams of the explosive was exploded by 
means of a detonator on top of a lead cylinder 64 mm. long, it 
was found that pentryl produced a shortening of the block of 
18.5 mm., tetryl 16.6 mm., picric acid 16.4 mm., TNT 14.8 mm., 
and diazodinitrophenol 10.5 mm. Determinations of velocity of 
detonation made with half-meter lengths, the explosives being 
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contained in extra light lead tubing % inch internal diameter 
and weighing 12 ounces to the foot, gave the following figures. 
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Velocity op 
Detonation 

Density (Meters per second) 



Pentr>d 050 5000 

Tetryl 0.90 5400 

Picric acid 0.98 4970 

TNT 0.90 4450 



These are not however the maximum velocities of detonation of 
the substances. 

Hexanitrodiphenylaminoethyl Nitrate 

This substance also has been studied by LeRoy V. Clark 
who prepared it by the nitration with mixed acid of tetranitro- 
diphenylethanolamine, a by-product from the preparation of 
pentryl. 




He procured the pure substance in the form of pale yellow glis- 
tening plates, m.p. 184® (corr.), precipitated from acetone solu- 
tion by the addition of alcohol. Its explosive properties are not 
W’idely different from those of pentryl. Its response to initiation 
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is about the same; it is slightly less sensitive to impact, about 
7% less effective in the sand test, and about 3% more effective in 
the small Trauzl test. In compound detonators it is somewhat 
better than TNT and somewhat poorer than pentryl, tetryl, and 
picric acid, as indicated by the lead plate test. When heated 
rapidly, it ignites at 39Q-400®. 



CH2— OH CHz--ONO, 

I ! 

CH, . CHa 

dH,-OH <!:Hr-ONO, 

Trimethylene glycol dinitrate is a water-white liquid, very 
mobile, and scarcely more viscous than nitroglycol, specific 
gravity (20®/4®) 1.393 at 20®. It boils at 108® at 10 mm. without 
decomposition. It is less volatile than nitroglycol and more vola- 
tile than nitroglycerin. It has about the same solubility relation- 
ships as nitroglycerin, and forms a good gelatin with collodion 
nitrocotton. It causes headache by contact with the skin. When 
heated slowly it takes fire with a puff and burns tranquilly or 
decomposes at about 185® and deflagrates at about 225®. It is 
much less sensitive to shock than nitroglycerin and is much more 
stable in storage. Naoura reports that a 10-grara sample in the 
Trauzl test with water tamping gave an expansion of 540 cc. or 
about 90% of the expansion produced by nitroglycerin. The cal- 
culated energy content of trimethylene glycol dinitrate is only 
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about 77% of that of nitroglycerin, but the relatively greater 
brisance results from the low viscosity of the substance which 
gives it a higher velocity of detonation. Naoum also reports that 
a 93% trimethylene glycol dinitrate gelatin with 7% collodion 
cotton gave an expansion of 470 cc. or about 80% as much as a 
similar nitroglycerin gelatin. 



Propylene Glycol Dinitrate (Methylglycol dinitrate, methyl- 
nitroglycol) 



Propylene occurs along with ethylene in cracking gas. Its use 
as a raw material for the synthesis of glycerin has already been 
mentioned in the section on nitroglycerin. It yields propylene 
glycol when subjected to the same chemical processes as those 
which are used for the preparation of glycol from ethylene.®® 
Propylene glycol show's the same tendency tow'ard oxidation 
during nitration that trimethylene glycol does, but to a less 
extent; noticeable decomposition occurs only above 30®. 



*®Symmes, in a footnote, p. 375, in his English translation of Naoum’s 
book, op. cit., cites U. S. patents 1,307,032, 1,307,033, 1,307,034, and 1,371,215 
which describe a method for the manufacture of mixed ethylene and pro- 
pylene glycols from cracking gas, satisfactory methods for the nitration of 
the mixture and for the stabilization of the mixed nitric esters, and ex- 
plosives made from the products “which practical tests in actual use showed 
could not be frozen even at temperatures prevailing in winter along the 
Canadian border, or —10® to —30® F.” 
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Trimethylene Glycol Dinitrate 

Trimethylene glycol occurs in the glycerin w*hich is produced 
by fermentation. There is no harm in leaving it in glycerin which 
is to be used for the manufacture of explosives. It may however 
be separated by fractional distillation. When pure it is a color- 
less, odorless, syrupy liquid, specific gravity (x®/4®) 1.0526 at 
18°. It mixes with water in all proportions and boils at atmos- 
pheric pressure at 211° without decomposition. At temperatures 
above 15° or so, it is oxidized rapidly by nitric acid or by mixed 
acid. It is accordingly nitrated at 0-10® under conditions similar 
to those w'hich are used in the preparation of ethyl nitrate and 
other simple aliphatic nitric esters (except methyl nitrate). 



Propylene glycol dinitrate is a colorless liquid of characteristic 
aromatic odor, more volatile and less viscous than trimethylene 
glycol dinitrate with which it is isomeric. Its specific gravity 
(20°/4°) is 1.368 at 20°. It boils at 92° at 10 mm., and does not 
freeze at —20°. Its solubilities, gelatinizing power, and explosive 
properties are substantially the same as those of its isomer. 
Indeed, Naoum reports that it gave exactly the same expansion 
as trimethylenc glycol dinitrate in the Trauzl lead block test, 
namely, 540 cc. 
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Butylene Glycol Dinitrate 

Of the four isomeric butylene glycols, the 1,3-compound ap- 
pears to be the only one which has attracted any interest as a 
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raw material for the preparation uf cxpltjsivcs. Its dinitrate, 
either alone or in admixtorc with nitroglycerin, haa boon pro- 
posed for use in non-freezing dynamites. The preparation of the 
glycol from acetaldehyde has been suggested, the acetaldehyde 
being condensed to a Idol and the aldol reduced to glycol. Since 
acetaldehyde is produced commercially by the catalyzed hydra- 
tion of acetylene, then butylene glycol-1^3 can be procured by 
synthesis from coke. 
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Butylene glycol shows a strong tendency to oxidize during 
nitration j and ought to be nitrated at a temperature of —5® or 
lower. Butylene glycol dinitrate is a colorless liquid, intermediate 
in volatility between nitroglycol and nitroglycerin, poaseasing a 
specific gravity of 1.32 at 15“. It does not freeze at temperatures 
as low as —20^. It yields a good gelatin with collodion nitro- 
cotton. It deflagrates feebly if heated suddenly. It is very insensi- 
tive to mechanical shock but detonates easily by initiation. 
Naoum reports that a mixture of 75 % butylene glycol dinitrate 
and 25^ kieselguhr gave about 240 cc. expansion in the Trauzl 
test, and that a gelatin containing 90^ butylene glycol dinitrate 
and 10% collodion nitrocotton gave about 370 cc. 



Nitroerythrite (Erythritol tetranitrate) 

N0:^C^CH^— {CH—ONOOi— CH^^NO, 

i-Erythrite occurs in algae and in lichens. It is a white, crystal- 
line, sweet- tasting substance, very readily soluble in water, m,p, 
120**, b.p, 330®, specific gravity 1.59. The tetranitrate is prepared 
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by dissolving erythrite in strong nitric acid w'ith cooling, and then 
precipitating by the addition of concentrated sulfuric acid. It 
crystallizes from alcohol in colorless plates, m.p. 61^, Its use as 
an addition to smokeless pow’der has been suggested, but it is 
as powerful as nitroglycerin, and lias the advantage over it that 
it is a solid, and it would be suitable, if it were cheaper, for the 
same uses as nitromannite. 



Nitromannite (^Mannitol hexanitratel 

NO,— O— CH'^CCH— OKO;)*— CHii--ONOj 

d-Mannitol occurs fairly widely distributed in nature, particu- 
larly in the Fraxinus ornuRj the sap of wduch is manna. It may 
also be procured by the reduction of d-mannoso either electrolyti- 
cally or by means of sodium amalgam, or along with d-sorbite 
by the reduction of d- fructose. It may be nitrated satisfactorily 
w’ith the same mixed acid as is used for the nitration of glycerin, 
or more conveniently, because the mass of crystals is so volumi- 
nous, by dissolving in strong nitric acid and precipitating by the 
addition of concentrated sulfuric acid. 

Preparation o[ Nitrommwite. Fifty grama of nitric acid (specific 
gravity 1,51) is cooled thoroughly in a 300-cc. Erlenmeyer pyrex flask 
immersed in a freezing mixture of ice and salt. Ten grams of matinite 
is then introduced in small portions at a time while the flask is tilted 
from side to side and the contents is stirred gently with a thermometer, 
care being taken that the temperature does not rise above 0'^. After 
all is dissolved, 100 grarn^ of sulfuric acid (specific gravity U4) is 



added sbwly from a dropping funnel while the liquid h stirred and the 
temijerature is maintained below 0°. The porridge-like mass is filtered 
on a sinter-glass filter, or on a Buchner funnel with a hardened filter 
paper, washetl with water, then with dilute sodium bicarlmnate sola* 
tion, then finally again with water. The crude product is dissolved in 
boiling alcohol; the solution is filtered if need be, and on cooling de- 
posits white needle cr\‘staLs of nitromannite, m.p. 112-11.1'^. A second 
crop of crj'stali may be obtained by warming the alcoholic mother 
liquors to boiling, adding ivater. while still boiling until a turbidity 
appears, and allowing to cool. Total yield about 23 grams. 

Nitromannite is readily soluble in ether and in hot alcohol, 
only slightly soluble in cold alcohol, and insoluble in tvater, 
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While its stability at ordinary temperatures is such that it can 
be used commercially, at slightly elevated temperatures it is dis- 
tinctly less stable than nitroglycerin. Nitroglycerin null tolerate 




Fioure 57. Nitromannite, Crystals from Alcohol (5X)- (Courtesy Atlas 
Powder Company.) 



heating in a covered glass vessel for several days at 75® before 
it begins to give off acid fumes; nitroglycol, methylglyeol di- 
nitrate, and trimethylene glycol dinitrate are more stable yet, 




F(oU(ib 5S. Nitromatinil’p, in Grained Form for Charging Detonators (5X)- 
<Coiu'teay Atlas Powder Company. ) 



but nitromannite decomposes after a few hours and evolves red 
fumes. If a small quantity is heated, it decomposes at once at 
about 150“ with copious evolution of nitrous fumes but ordinarily 
does not deflagrate. With larger samples deflagration occurs at 
160-170". 
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Hast has reported a velocity of detonation of 8260 meters 
per second for nitromannite compressed to a density of 1.73 in a 
column 12.8 mm. in diameter. 

Nitromannite is about as sensitive as nitroglycerin to shock 
and to friction. It detonates under a 4-cm. drop of a 2-kilogram 
weight, and may be exploded readily on a concrete surface by a 
blow of a carpenter ^3 hammer. It is not fired by the spit of a 
fuse, but is made to detonate by the flame of a match which 
causes local overheating. It is almost, but not quite, a primary 
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explosive. It is used as the high-explosive charge in compound 
detonators which contain the relatively safe diazodinitrophenol 
as the primary explosive. A mixture of nitromannite and tetra- 
cene is a powerful and brisant primary explosive which detonates 
from moderate heat. 

Nitrodulcite (Dulcitol hexanitrate) 

Dulcite is obtained from Madagascar manna by extraction 
with water and recrystallizing, large monoclinic prisms, m.p. 
188®, less soluble than mannite. It may also be procured by the 
action of sodium amalgam on aqueous solutions of lactose and 
of d-galactose. Nitrodulcite, isomeric with nitromannite, crystal- 
lizes from alcohol in needles which melt at 94-95®. 

Nitrosorbite (Sorbitol hexanitrate) 

d-Sorbite occurs in the berries of the mountain ash, but is more 
readily procured by the electrolytic reduction of d-glucose. It 
crystallizes with one molecule of water in small crystals which 
lose their water when heated and melt at about 110®. Nitro- 
sorbite, isomeric with nitromannite, exists as a viscous liquid and 
has never been obtained in the crystalline state. It is used in non- 
freezing dynamites. 

Nitrated Sugar Mixtures 

The sugars are polyhydric alcohols which contain an aldehyde 
or a ketone group or a cyclic acetal or ketal arrangement within 
the molecule. They yield nitric esters which are perhaps less 
stable than the nitric esters of the simple polyhydric alcohols but 

which probably owe part of their reputation for instability to the 
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fact that they are difficult to purify. The nitrosugars resemble 
the sugars from which they are derived in the respect that often 
they do not crystallize rapidly and easily. When warmed gently, 
they frequently soften and become sticky and resinous. In this 
condition they retain within their masses traces of decomposition 
products by which further decomposition is provoked; they can- 
not be washed free from acid, and in the solid or semi-solid state 
are impossible to stabilize. The stabilization however may be 
accomplished easily if the nitrosugar is in solution. 

A mixture of nitrosucrose and nitroglycerin, prepared by ni- 
trating a solution of 20 parts of cane sugar in 80 parts of glycerin, 
or of 25 parts in 75, has been used in this country under the 
name of nitrohydrene. It is suitable for use in non-freezing dyna- 
mites, and is cheaper than nitroglycerin to the extent that sugar 
is cheaper than glycerin. The nitrated product is much more 
viscous than nitroglycerin and forms emulsions readily. It re- 
quires repeated washings with soda solution to insure a satisfac- 
tory heat test, and then washings with concentrated salt solutions 
to facilitate the separation of the phases. Nitrohydrene 80/20 
(from 80 parts of glycerin and 20 parts of cane sugar) consists 
of about 86% nitroglycerin and 14% nitrosucrose, and nitro- 
hydrene 75/25 of about 82% nitroglycerin and 18% nitrosucrose. 
Naoum reports the following data. The stability of nitro- 
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hydrene is distinctly poorer than that of nitroglycerin and ap- 
pears to depend upon the proportion of nitrosucrose which it 
contains, for nitrohydrene 75/25 gives a poorer heat test than 
nitrohydrene 80/20 which contains less nitrosucrose. Naoum 
points out that the wood meal, etc., which is contained in dyna- 
mite made from nitrohydrene aj^arently acts as a stabilizer and 

absorbs or reacts chemically with the first decomposition prod- 
ucts and destroys them. He says: 

Better still, are very small additions of diphenylamine, which 
is admirably suited for the stabilization of smokeless powder, 
since it readily takes up the nitrous acid. Nitrohydrene 
80/20 or 75/25, containing only 0.1 to 0.2 per cent of di- 
phenylamine, was stored for seventy-five days at 55®C. 
without undergoing decomposition. The samples merely 
showed a coloration and became dark green, a phenomenon 
which also occurred but to a less extent with a check sample 
of nitroglycerin containing the same quantity of diphenyl- 
amine. After seventy-five days the nitroglycerin still had a 
slight odor of diphenylamine, but the nitrohydrene smelled 
slightly acid, somewhat like sour milk, but not like nitrous 
or nitric acid. 

Similar samples of 100 grams each of the above nitro- 
hydrene containing 0.1 per cent diphenylamine have been 
stored by the author for more than eight years in diffuse 
daylight at room temperatures, about 20®C. So far they have 
remained unchanged, have no acid odor, and show no signs 
of decomposition. . . . From this it is evident that nitro- 
sugar dissolved in nitroglycerin, although its stability does 
not reach that of the latter, is sufficiently stable for practical 
purposes, particularly in the presence of stabilizers. 

The individual nitrosugars are stabilized similarly by diphenyl- 
amine, and certain ones of them, specifically nitromaltose, nitro- 
lactose, and nitrosucrose, have been able by means of that sub- 
stance to find a limited industrial application. 

Solutions of cane sugar in glycol, and of glucose and lactose in 
glycerin, have been nitrated to produce mixtures of nitric esters 
comparable to nitrohydrene. 

Nitroarabinose (i-Arabinosc tetranitrate), Cr,H«0(0N02)4 
Nitroarabinose is prepared, as indeed the highly nitrated 
sugars in general may be prepared, by adding concentrated sul- 
furic acid drop by drop to a solution of the corresponding sugar 
in concentrated nitric acid at 0®. It consists of colorless mono- 
clinic crystals which melt at 85° and decompose at 120®. It is 
readily soluble in alcohol, acetone, and acetic acid, and insoluble 
in water and ligroin. It reduces Fehling's solution on warming. 
It is but little stable above 50®, and is easily exploded by shock 
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Nitroglucose (d-Glucose pentanitrate), C„H70(ON02)5 
d-Glucose pentanitrate is a colorless viscous syrup, insoluble 
in water and in ligroin, readily soluble in alcohol. It becomes 
hard at 0°. It is unstable above 50®, and if heated slowly to a 
higher temperature decomposes rapidly at about 135®. It reduces 
Fehling^s solution on warming. Glucosan trinitrate, C«Ht 02 
(0N02)3» is produced by the nitration of a-glucosan and by the 
action for several days of mixed acid on d-glucose. It is readily 
soluble in alcohol and insoluble in water. It has been obtained in 
the form of aggregates or crusts of crystals which melted not 
sharply at about 80® and which were probably not entirely free 
from glucose pentanitrate. 

Nitromannose (d-Mannose pentanitrate), CoH70(ON02)5 
d-Mannose pentanitrate,®® transparent rhombic needles from 
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alcohol, melts at 81-82° and decomposes at about 124°. It is 
soluble in alcohol and insoluble in water and reduces Fehling^s 
solution slowly on warming. It undergoes a rapid decomposition 
if stored at 50°. 

Nitromaltose (Maltose octonitrate) , CioHi403(0N02)8 

Maltose octonitrate,®®* glistening needles from methyl alco- 
hol, melts with decomposition at 164-165°. If heated quickly, it 
puffs off at 170-180°. It decomposes slowly at 50°. If fused and 
allowed to solidify, it has a specific gravity of 1.62. It is readily 
soluble in methyl alcohol, acetone, and acetic acid, difficultly 
soluble in ethyl alcohol, and insoluble in water. It reduces warm 
Fehling’s solution more rapidly than nitrosucrose. 

Nitrolactose (Lactose octonitrate), Ci2Hi403(0N02)8 

Lactose octonitrate,®®* monoclinic needles from methyl or 
ethyl alcohol, melts at 145-146° with decomposition. Its specific 
gravity is 1.684. It is readily soluble in methyl alcohol, hot ethyl 
alcohol, acetone, and acetic acid, difficultly soluble in cold ethyl 
alcohol, and insoluble in water. It reduces Fehling’s solution on 
warming. 
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Lactose hexanitrate, Ci 2 Hio 05 (ON 02 )fl, has been found in 
the alcoholic mother liquors from the crystallization of the 
octonitrate, white, amorj^hous material melting not sharply at 
about 70°. 

Crater in 1934 described explosives containing nitrolactose, 
one consisting, say, of nitrolactose 25%, ammonium nitrate 65%, 
sodium nitrate 6%, and vegetable absorbent material 4%, an- 
other made by treating wood pulp with an acetone solution of 
nitrolactose and dinitrotoluene and containing about 78% nitro- 
lactose, about 9% DNT, and about 13% wood pulp. For this use 
the nitrolactose ought to be stabilized with diphenylamine. 

Nitrosucrose (Sucrose’oetonitrate), Ci2Hi403(0N02)8 

The nitration of cane sugar®®* yields sucrose octonitrate, 
white glistening needles, which melt at 85.5°. If heated slowly, 
nitrosucrose decomposes at about 135° and if heated rapidly de- 
flagrates at about 170°. The fused and solidified material has a 
specific gravity of 1.67. It is readily soluble in methyl alcohc^, 
ether, and nitrobenzene, difficultly soluble in ethyl alcohol and 
benzene, and insoluble in water and in petroleum ether. It reduces 
Fehling’s solution on warming. It is relatively stable when pure. 
Monasterski reports that it gives a feeble puff under a 20-cm. 
drop of a 2-kilogram weight, a puff with one of 25 cm., and a 
detonation with one of 30 cm. He states that samples of 10 grams 
in the Trauzl test gave average net expansions of 296 ce. 

Other Nitrosugars 

The nitration of d-xylpse yields d^xylose tetranitratej CgHoO 
(ONO2) 4, an oily substance insoluble in water, and a crystalline 
by-product, m.p. 141°, insoluble in water, which is evidently the 
trinitrate^ C5 Ht 02(0N02)3. Xylosan dinitrate, C5HUO2 (0x02)2, 
has been prepared by the action of mixed acid on d-xylose. It 
consists of little spherical crystal aggregates, soluble in alcohol 
and melting at 75-80°. 

URhamnose tetranitrate,^^ CeHsO (0X02)4, crystallizes in com- 
pact short rhombs which melt with decomposition at 135°. It is 
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readily soluble in acetone, acetic acid, and in methyl and ethyl 



alcohol, and is relatively stable. It reduces Fehling’s solution on 
warming. URhamnose trinitrate, CoHa02 (0x02)3, resi^,|ts from 
the action of mixed acid on i-rhamnose. It is a white amorphous 
material, melting below 100°, readily soluble in alcohol and in- 
soluble in water. It explodes feebly under a hammer blow. 

a-Methylglucoside tetranitrate,^^ C7H10O2 (0X02)4, crystallizes 
from alcoliol in quadrilateral plates which melt at 49-50° and 
decompose at 135°. It is more stable than the nitrate of the free 
sugar. It reduces Fehling’s solution slowly on warming. 

a^Methylmannoside tetranitrate,^^ C7H10O2 (0X02)4, from the 
nitration of d-a-methylmannoside, crystallizes in fine asbestos- 
like needles which melt at 36°. It is relatively stable at 50°. 

d-Galactose pentanitrate a, C6H7O (0X02)3, from the nitration 
of d-galactose crystallizes in bundles of transparent needles 
which melt at 115-116° and decompose at 126°. It is sparingly 
soluble in alcohol. It decomposes slowly at 50°, and reduces 
Fehling’s solution slowly on warming. The alcoholic mother 
liquors from the a- form yield d~galactose pentanitrate p, trans- 
parent monoclinic needles which melt at 72-73° and decoftipose 
at 125°. This substance is readily soluble in alcohol, decomposes 
rapidly at 50°, and reduces hot Fehling’s solution. Galactosan 
trinitrate, C6H7O2 (0x02)3, results from the action during several 
days of mixed acid on d-galactose. It is deposited from alcohol 
in crusta of small crystals. 

Fructosan trinitrate a, C6H7O2 (0X02)3, is produced by the 
action of mixed acid at 0-15° on d- fructose or on laevulosan, 
colorless, quickly effiuorescing needles from alcohol, which me^t 
at 139-14b° and decompose at about 145°. It is readily soluble in 
methyl and ethyl alcohol, acetic acid, and acetone, and insoluble 
in water. It is relatively stable at 50°. It reduces hot Fehling’s 
solution. The alcoholic mother liquors from the a- form yield 
fructosan trinitrate p, crusts of white crystals which melt at 
48-52° and decompose at 135°. The material decomposes slowly 
at 50°. It reduces Fehling’s solution rapidly on warming. 

The action of mixed acid on d-sorbose at 15° yields sorbosan 
trinitrate, C6H7O2 (0x02)3, a crystalline substance which melts 
not sharply at 40-45°. 244 

d-a-'Glucoheptose hexanitrate, C7H80(0X02)«, from the nitra- 
tion of d-a-glucoheptose,®® crystallizes from alcohol in trans- 
parent needles w’hich melt at 100°. It reduces Fehling’s solution 
on warming. 

Trehalose octonitrate, C12H14O3 (0X02)8, from the nitration of 
trehalose,®® crystallizes from alcohol in birefringent pearly leaf- 
lets w’hich melt at 124° and decompose at 136°. It reduces 
Fehling’s solution on warming. 

Raffinose hendecanitrate, CisH 2 i 03 ( 0 X 02 )u, from the nitra- 
tion of raffinose,®® exists in the form of amorphous aggregates 
which melt at 55-65° and decompose at 136°. It reduces Fehling’s 
solution on warming. It decomposes rapidly when kept at 50°. 

<x-Tetraamylose octonitrate, [CeHsOs (0X02)2] 4, from a-tetra- 
ainylose,^* crystallizes from acetic acid in fine glistening needles 
W’hich decompose at 204°. It is readily soluble in ethyl acetate, 
amyl acetate, pyridine, and nitrobenzene, and sparingly soluble 
or insoluble in alcohol, ether, benzene, and water. a-Diamylose 
hexanitrate,'^^ [C6H7O2 (0x02)3] 2, prepared from a-diamylose or 
as the final product of the nitration of tetraamylose, crystallizes 
from acetone in plates which puff off at 206-207°. It is difficultly 
soluble in acetic acid, and is reported to be but little stable. The 
alcohol extract of the crude hexanitrate yields a certain amount 
of the amorphous tetranitrate. p-Triamylose hexanitrate. 
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[CaHRO.i(ONO;;):i]'i, is pnicumi by dissolving cither /S-triamylose 
or ja-hexaamylosc in strong nitric acid at 0“ and adding con- 
centrated sulfuric acid- drop by drop^ and extracting the crude 
product with alcohol. It crystallizes from the alcoholic ex- 
tract in aggregates of microscopic cubes, in.p. 203'^. Tiie residue 
which is insoluble in hot alcohol is rccrystalUzed from acetic 
acid and yields crystalline crusts of fi-triamylose ennmnitrate/^ 
[CeHrOJONOJJa.m.p. 198", 

Early History of Nitrated Carbohydrates 

The history of mt>dern explosives eommcnccd wdth the dis- 
coveries of nitroglycerin and of nitrocellulose. At about the time 
that Sobrero first prepared nitroglycerin, Schonbein at Basel and 
Bdttger at Frankfort-on-the-Main independently of each other 
nitrated cotton^ perceived the possibilities in the product^ and 
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soon cooperated with each other to exploit its use in artillery, 
Pelouze had nitrated paper at an earlier time, and the question 
may indeed be raised whether he W'as not the first discoverer of 
nitrocellulose. Before that^ Braconnot^ professor of chemistry at 
Nancy, had prepared a nitric ester from starch. The principal 
events in the early history of these substances are summariaed 
below\ 

1833. Braconnot found that starch dissolved in concen- 
trated nitric acid and that the liquid on dilution with water gave 
a curdy precipitate of material wdiich, after washing, dried out 
to a white, pulverulent, tasteless, and neutral mass. The product 
gave a brown color with a solution of iodine. It was not affected 
by bromine. It did not dissolve in boiling water but softened to 
a sticky mass. Dilute sulfuric acid did not affect it. Concentrated 
sulfuric acid dissolved it, and the solution gave no precipitate if 
it was diluted with water. The material, to which Bracoimot 
gave the name of xylotdinej dissolved in acetic acid very readily 
on heating, and the solution, if evaporated slowly, gave a trans- 
parent film which retained its transparency when placed in w’ater* 
Applied to paper or cloth it yielded a brilliant, varnish-like 
coating which was impervious to water. Xyloi'dine took fire very 
readily. It carbonized and liquefied if heated upon a piece of 
cardboard or heavy paper while the cardboard or paperi though 
exposed directly to the heat, w^as not appreciably damaged. Saw- 
dust, cotton, and linen yielded products which Braconnot con- 
sidered to be identical with the xyloidine from starch, 

1838. Pelouze studied xyloidine further. He found that if 
starch was dissolved in concentrated nitric acid and if the solu- 
tion w^as diluted immediately wdth winter, xyloidine precipitated 
and the acid filtrate on evaporation yielded practically no residue. 
If the solution of stajch in nitric acid w'as allow'^ed to stand before 
being precipitated wdth water, then the amount of xyloidine was 
less. If it was allowed to stand for 2 days, or perhaps only for 
some hours, the xyloidine was entirely destroyed, a new acid was 
formed, no precipitate appeared w'hen the solution was diluted, 
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and the liquid on evaporation gave the new acid in the form of 
a solid, white, non-crystalline, deliquescent mass of considerably 
greater weight than the starch which w'as taken for the experi- 
ment, Neither carbon dioxide nor oxalic acid was produced 
during the reaction, but the new acid on long standing, or on 
boiling, wuth nitric acid was converted to oxalic acid without the 
formation of carbon dioxide. Pelouze considered xyloidine to be 
a nitrate of starch. He observed tliat it was readily combustible, 
that it ignited at a temperature of ISO" and burned with very 



FrovFE 59. Tbeophile-Jules Pelouze (1807-1867). (Courtesy E. Berl.) 
Made many important contributions to organic and inorganic chemistry — 
ethereal salts, the first nitrile, bomeol, glyceryl tri butyrate, pymxyiiu, 
improvements in the manufacture of plate glass. He nitrated paper in 
1838 ami was thus probably the first to prepare nitrocelluloise. Reproduced 
from original in Kekule''s portmit album. 

considerable violence leaving practically no residue. The observa- 
tion, he says, led him to make certain experiments which, he 
believed, might have practical application in artillery. Paper, 
dipped into nitric acid of specific gravity 1,5 and left there long 
enough for the acid to penetrate into it (generally 2 or 3 min- 
utes), removed, and washed thoroughly, gave a parchment-like 
material which was impervious to moisture and was extremely 
combustible, Pelouze had nitrocellulose in his hands, but evi- 
dently did not recognize that the material, which had not changed 
greatly in its physical form, was nevertheless nitrated through- 
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out its mass, for he believed that the products which he obtained 
from paper and from cotton and linen fabrics owed their new 
properties to the xyloidine which covered them. 

1846. Schonbein announced his discovery of guncotton at a 
meeting of the Society of Scientific Research at Basel on May 27, 
1846. In an article, probably written in 1847 but published in the 
ATchivea dea sciences physiques et naturelka of 1846, he de- 
scribed some of his experiences with the material and his efforts 




Figure 60. Christian Friedrich Schonbein (1799*1868). (Courtesy E* 
Berl.) Discovered guncotton, 1846. Discovered ozone, worked on hydrogen 
peroxide, auto-oxidation, the passivity of iron, hydrosuJfitea, catalysts, and 
priiffiic add. Professor of Chemistry at Basel from 1829 until the time of 
his death. He published more than 300 papers on chemical subjects. 
Reproduced from originoJ in Kekule^s portrait album. 

to put it to practical use and discussed the controversial question 
of priority of discovery; he described the nitration of cane sugar 



POOR MAN^S JAMES BOND Vol ■ 2 



409 



CHEMISTRY OF EXPLOSIVES 



but deliberately refrained from telling how he had prepared hia 
nitrocelluLlose. He was led to perform the experiments by certain 
theoretical speculations relative to ozone which he had discovered 
a few years before. One volume of nitric acid (L5) and 2 volumes 
of sulfuric acid (1.S5J were mixed and cooled to 0®, finely pow- 
dered sugar was stirred in so as to form a pastCj the stirring was 
continued, and after a few minutes a viscous mass separated from 
the acid liquid without the disengagement of gas. The pasty mass 
was washed with boiling water until free from acid, and was 
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dried at a low temperature. The product was brittle at low tem- 
peratures, could be molded like jalap resin at slightly elevated 
ones, was semi-fluid at 1CX)°| and at high temperatures gave off 
red fumes. When heated more strongly, it deflagrated suddenly 
and with violence. Schonbein also experimented with other or- 
ganic substances, and states that in experiments carried out 
during December, 1S45, and the first few months of 1846 he dis- 
covered, one after another, all those substances about which so 
much had lately been said in the French Academy. In March he 
sent specimens of the new compounds, among tliem guncotton, to 
several of his friends, notably, Faraday, Herschel, and Gro%^e. 

About the middle of April, 1846, Schonbein went to Wurttem- 
berg where he carried out experiments with guncotton at the 
arsenal at Ludwigsburg in the presence of artillery officers and 
at Stuttgart in the presence of the king. During May, June, and 
July he experimented at Basel with small arms, mortars, and 
cannon. On July 28 he fired for the first time a cannon which 
was loaded with guncotton and with a projectile. Shortly after- 
ward he used guncotton to blast rocks at I stein in the Grand 
Duchy of Baden and to blow up some old walls in Basel. 

In the middle of August Schonbein received news from Profes- 
sor Bdttger of Frankfort-on-the-Main that he too had succeeded 
in preparing guncotton, and the names of the two men soon 
became associated in connection with the discovery and utilisa- 
tion of the material. There w'ere, moreover, several other chemists 
who at about the same time, or within a few* months, also 'worked 
out methods of preparing it. In a letter to Schonbein dated 
Kovember IS, 1846, Berzelius congratulated him on the discovery 
as interesting as it w’as important, and wrote, Si nee Professor 
Otto of Brunswick made known a method of preparing the gun- 
cotton, this discovery has perhaps occupied a greater number of 
inquisitive persons than any other chemical discovery ever did. 
I have likewise engaged in experiments upon it.^^ 

In August Schonbein w'ent to England where, with the help 
of the engineer Richard Taylor of Falmouth, he carried out 
experiments with guncotton in the mines of Comw'all. He also 
demonstrated his material successfully with small arms and with 
artillery at Woolwich, at Portsmouth, and before the British 



Association. He did not apply for an English patent in his own 
name but communicated his process to John Taylor of Adelphi, 
Middlesex, Wr'ho was granted English patent 11,407, dated October 
8, 1846, for ^'Improvements in the Manufacture of Explosive 
Compounds, commimicated to me from a certain foreigner re- 
siding abroad.^' He entered into an agreement for three years 
'with Messrs. John Hall A Sons of Faversham that they should 
have the sole right in England to manufacture guncotton by his 
process and in return should pay him one-third of the net profit 
with a minimum of £1000 down and the same each year. The first 
factory for the manufacture of guncotton was erected at Faver- 
sham. On July 14, 1847, within less than a year, the factory was 




FrauRE 61. Rudolf Bottger (1806-1887). (Courtesy E, BerU Professor 
at Frankfort-on-the-Main, Discovered guncotton independently of Schon- 
bein but somewhat later, in the same year, 1846. He also invented matches, 
and made important studies on the poisoning of platinum catalysts. 
Reproduced from orlgintil in Kekule’s portrait album. 

destroyed by an explosion with the loss of twenty-one lives. After 
this, Messrs. John Hall & Sons refused to continue the manu- 
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facture. About the same time disastrous guncotton explosions 
occurred at Vincennes and at Lc Bout- hot, and these produced 
such an unfavorable effect that no more guncotton w^as manu- 
factured in England or in France for about sixteen years. 

Schonbein offered hia process to the Deutscher Bund for 
1CK),000 thalers, and a committee was formed to consider the 
matter, Liebig representing the state of Hesse and Baron von 
Lenk, who was secretary, representing Austria. The committee 
continued to sit until 1852 when it finally decided to take no 
action. At the suggestion of von Lenk, Austria then acquired the 
process for 30,000 gulden, 

1846. The Coinptes rendus of 1846 contains several papers on 
the nitration of cellulose, 'which papers were presented to the 
French Academy before the details of Schonbein 's process were 
yet knowm. Among these, the papers by Dumas and Pelouze are 
especially interesting, Dumas stated that certain details of the 
manufacture of guncotton had already been published in Ger- 
many. Professor Otto of Brunswick dipped the cotton for half a 
minute in concentrated fuming nitric acid, pressed between two 
pieces of glass, washed until free from acid, and afterwards dried. 

The explosive property can be considerably increased by 
several dippings, and I have found that a product of extreme 
force is obtained after an immersion of 12 hours. A point of 
extreme importance is the care which ought to be exercised 
in washing the cotton. The last traces of acid are very diffi- 
cult to remove, and should any remain it will be found that, 
on drying, the substance smells strongly of oxides of nitrogen, 
and when ignited also produces a strong acid smell. The best 
test of a sample of guncotton is to ignite it upon a porcelain 
plate. Should it burn slowly, leaving a residue upon the plate, 
it must be considered as unsatisfactory.. A ^ood guncotton 
bums very violently without leaving any residue. It is also 
of very great importance that when the guncotton is with- 
drawn from the acid, it should be washed immediately in a 
large quantity of water. Should small quantities of w'ater be 
used it will be found that the guncotton becomes very hot, 
and that spots of a blue or green color are produced, which 
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are very difficult to reirirove, and the guncotton is very im- 
pure. 



Dr. Knopp of the University of Leipzig used a mixture of equal 
parts of concentrated sulfuric and nitric acids, and immersed the 



cotton in it for several minutes at ordinary temperature. Dumas 
stated that satisfactory guncotton could be obtained without 
observing any great exactitude in the proportion of the two acids 
or in the duration of the immersion. Dr. Bley of Bemberg had 
discovered that sawdust, treated in the same way as cotton, 
yielded an explosive which, he believed, might replace gunpowder 
in firearms and in blasting. 

1846. Pelouze made clear distinction between xyloidine and 
guncotton. “I shall call pyrozyline or pyroxyle the product of the 
action of monohydrated nitric acid on cotton, paper, and ligneous 
substances, when this action has taken place without having 
caused the solution of the cellulose.” Braconnot in 1833 had pre- 
pared xyloidine from starch ; Pelouze had prepared pyroxylin in 
1838. He pointed out that xyloidine dissolves readily in strong 
nitric acid and, in the course of a day, is destroyed by it and 
converted to a deliquescent acid. Pyroxylin does not dissolve in 
concentrated nitric acid. Xyloidine is very inflammable ancf 
explodes when struck, but it leaves a considerable residue of 
carbon when heated in a retort and may be analyzed like an 
ordinary organic substance by heating with copper oxide. Py- 
roxylin explodes when heated to 175° or 180° and cannot be 
distilled destructively. Pelouze found that 100 parts of starch, 
dissolved in nitric acid and precipitated immediately, yielded at 
most 128 to 130 parts of xyloidine. One hundred parts of cotton 
or paper, after a few minutes’ or after several days’ immersion in 
concentrated nitric acid, yielded 168 to 170 parts of washed and 
dried pyroxylin. The acid mother liquors, both from the nitration 
of the starch and from the nitration of the cotton, contained not 
more than mere traces of organic matter. 

1846. Schonbein’s process soon became known through the 
publication of the English patent to John Taylor (cited above). 
He carried out the nitration by means of a mixture of 1 volume 
of strong nitric acid (1.45 to 1.5) and 3 volumes of strong sulfuric 
acid (1.85). The cotton was immersed in this acid at 50-60°F. for 
1 hour, and was then washed in a stream of running water until 
free from acid. It was pressed to remove as much water as pos- 
sible, dipped in a very dilute solution of potassium carbonate 
(1 ounce to the gallon), and again pressed as dry as possible. 
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It was then rinsed with a very dilute solution of potassium nitrate 
(1 ounce to the gallon). The patent states that “the use of this 
solution appears to add strength to the compound, but the use 
of this solution and also potassium carbonate are not essential 
and may be dispensed with.” The product is pressed, opened out, 
and dried at 150°F., and when dried it is fit for use. The patent 
also covers the possibility of using instead of cotton “other mat- 
ters of vegetable origin and the possibility of carrying out the 
nitration with nitric acid alone or with mixed acids of inferior 
strength.” 



1846. Teschemacher studied the preparation of guncotton 
and demonstrated that no sulfuric acid is consumed by the re- 
action. 

1847. Gladstone by exercising special precautions was able 
to carry out combustion analyses of xyloidine and of pyroxylin 
prepared according to the directions of Schonbein. Nitrogen was 
determined by the differential method. The pyroxylin was found 



to contain 12.75% nitrogen and was thought to correspond to a 
pentanitrate while the xyloidine corresponded more nearly to a 
trinitrate. 

1847. .Crum nitrated cotton until he could introduce no 
further nitrogen into the molecule, and analyzed the product for 
nitric acid by the method which is used in the nitrometer. His 
result calculated as nitrogen gives a figure of 13.69%, It is inter- 
esting to note that Crura’s cotton was “bleached by boiling in 
caustic soda and put in a solution of bleaching powder; then 
caustic soda again, and afterwards weak nitric acid. It was well 
washed and beaten in a bag with water after each operation. . . . 
The cotton, dried and carded after bleaching, was exposed in 
parcels of 10 grains each for several hours to the heat of a steam 
bath, and each parcel was immersed, while hot, into a 1 oz. 
measure of the following mixture: Sulphuric acid (1.84) 1 meas- 
ure, and 3 measures of pale lemon-colored nitric acid (1.517). 
After one hour it was washed in successive portions of water 
until no trace of acid remained, and was then dried in the open 
air” — or, for analysis, was dried completely in a vacuum desic- 
cator over sulfuric acid. 
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1852. The Austrian government acquired the use of Schon- 
bein ’s process (as mentioned above) and the Emperor of Austria 
appointed a committee to investigate the use of guncotton for 
military purposes. This committee, of which von Lenk was the 
leading spirit, continued to function with some interruptions until 
1865. In 1853 a factory was erected at Hirtenberg for the manu- 
facture of guncotton by the method of von Lenk which involved 
a more elaborate purification than Schonbein’s original process. 
The product was washed for 3 weeks, then boiled with dilute 
potassium carbonate solution for 15 minutes, washed again for 
several days, impregnated with water glass, and finally dried. 
Von Lenk constructed 12-pounder guns which were shot with 
guncotton cartridges, but they were much damaged by the firing. 
About 1860 he tried bronze guns, which were less likely to burst 
than iron ones, and with propelling charges of guncotton fired 
from them shells which were filled with bursting charges of gun- 
cotton. The shells often burst within the barrel, for the accelera- 
tion produced by the propelling charge of guncotton was much 
too sudden and shocking. They could be shot out without explod- 
ing when a propelling charge of black gunpowder was used. On 
July 20, 1863, the magazine at Hirtenberg exploded, and the 
Austrian government thereupon decided to abandon the use of 
guncotton as a propellent explosive. Von Lenk was permitted to 
communicate his process to other nations. In 1862 and 1863, under 
the name of Revy, he took out English patents to protect his 
method of purification. In 1863 he visited England and described 
his process to a committee of the British Association. In the same 
year Messrs. Prentice and Co. commenced the manufacture of 
guncotton at Stowmarket by von Lenk’s process, but an explo- 
sion soon occurred at their establishment. In 1865 a guncotton 
magazine at Steinfelder Heath, near Vienna, exploded, and on 
October 11 of that year the manufacture of guncotton in Austria 
was officially forbidden. 

1862. Tonkin’s English patent deserves our notice because 
it mentions the pulping of guncotton — and it was the pulping of 
guncotton, introduced later by Abel, which remedied in large 
measure the difficulties of stability which had given guncotton 
a bad repute and brought it back again to the favorable con- 
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sideration of the users of explosives. The patent describes the 
nitration of the cotton with mixed acid, the washing with run- 




POOR MAN’S JAMES BOND Vol . 2 



411 



CHEMISTRY OF EXPLOSIVES 



ning water, the pressing, and the dipping in a very dilute solution 
of potassium carbonate. ‘The fibre is then taken in the wet state 
and converted into pulp in the same manner as is practiced by 
paper-makers, by putting the fibre into a cylinder, having knives 
revolving rapidly, working close to fixed knives.” The patent 
makes no claim to the pulping of guncotton, but only claims the 
use of pulped guncotton in an explosive consisting of sodium 
nitrate 65%, charcoal 16%, sulfur 16%, and guncotton pulp 3%. 

1865. Abel’s patent for “Improvements in the Preparation 
and Treatment of Guncotton” claims the pulping and the press- 
ing of it into sheets, discs, cylinders, and other forms and was 
probably designed to cover the process of getting it into a state 
where it would burn less violently in the gun. The compressed 
blocks were an improvement over the yarn of von Lenk, but they 
were still much too fast; they damaged the guns and were not 
ballistically uniform in performance. The blocks of compressed 
guncotton, however, have continued to find use in blasting. And 
the outstanding advantage of Abel’s pulping was that it con- 
verted the guncotton into a state where the impurities were more 
easily washed out of it, and resulted thereby in a great improve- 
ment in stability. 

1866-1867. Abel’s “Researches on Guncotton” demonstrated 
that guncotton, after proper purification, is far more stable than 
it had been thought to be. Moisture does not harm it, or exposure 
to sunlight, and it decomposes only slowly at elevated tempera- 
tures; the principal cause of its decomposition is acid, and this is 
removed by the pulping. Abel wrote: 

In reducing the material to a very fine state of division by 
means of the ordinary beating and pulping machines, the 
capillary power of the fibre is nearly destroyed, and the gun- 
cotton is, for a considerable period, very violently agitated 
in a large volume of water. It would be very difficult to 
devise a more perfect cleansing process than that to which 
the guncotton is submitted; and the natural result of its 
application is that the material thus additionally purified 
acquires considerably increased powers of resisting the de- 
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structive effects of heat. Samples of the pulped guncotton, 
even in the most porous conditions, have been found to resist 
change perfectly upon long-continued exposure to tempera- 
tures which developed marked symptoms of decomposition 
in the guncotton purified only as usual. The pulping process 
applied to guncotton affords, therefore, important additional 
means of purifying the material, the value of which may be 
further enhanced by employing a slightly alkaline water in 
the pulping machine. The slightest change sustained by gun- 
cotton is attended by the development of free acid, which, 
if it accumulates in the material, even to a very trifling 
extent, greatly promotes decomposition. 

Numerous experimental data have been collected with re- 
spect to the establishment and acceleration of decomposition 
in guncotton by free acid whilst exposed to light or elevated 
temperature. . This acid is present either in the imperfectly 
purified material or has been developed by decomposition of 
guncotton or its organic impurities. Samples of guncotton 
which, by exposure to elevated temperatures or for consider- 
able periods to strong daylight, had sustained changes result- 
ing in a considerable development of acid, have afterwards 
been thoroughly purified by washing. When exposed to light 
for months, and in some instances for two or three years 
(up to the present time), they have undergone no further 
change, while corresponding samples confined in close ves- 
sels without being purified, have continued, in some in- 
stances, to undergo decomposition, and the original substance 
has been completely transformed into the products repeat- 
edly spoken of. 



Abel found that the guncotton regularly produced at Waltham 
Abbey contained a small amount of material soluble in ether- 
alcohol, an average amount of 1.62% in the guncotton which 
was made by treating cotton with 18 times its weight of mixed 
acid, and an average of 2.13% in the guncotton which was made 
by the use of 10 parts of acid. “The employment of the higher 
proportion of acid furnished results more nearly approaching per- 
fection than those obtained when the guncotton was left in con- 
tact with a smaller proportion of the acid mixture. As far as can 
be judged at present, however, from the general properties of 
the products, the difference observed when the larger or the 
smaller proportion of acid is used, is not of sufficient importance 
to render necessary the consumption of the larger quantity of 
acid in the manufacture.” Abel was able to carry out satisfactory 
combustion analyses, with the following average results: 



Material soluble in ether-alcohol, C 30.50%; H 2.91%; N 11.85%; 
Material insoluble in ether-alcohol, C 24.15%; H 2.46%; N 13.83%. 



He concluded that the different analytical results which had been 
procured with different samples of guncotton resulted from the 
samples containing different amounts of the ether-alcohol soluble 
material, and judged that completely nitrated guncotton is the 
trinitrate of cellulose, [CeHTOofONOalsjtt, as had been first sug- 
gested t)y Crum. This substance contains theoretically 14.14% 
nitrogen. 

1868. E. A. Brown, assistant to Abel, discovered that dry 
compressed guncotton could be made to detonate very violently 
by the explosion of a fulminate detonator such as Nobel had 
already used for exploding nitroglycerin. Shortly afterw^ards he 
made the further important discovery that wet guncotton could 
be exploded by the explosion of a small quantity of dry gun- 
cotton (the principle of the booster). This made it possible to 
use large blocks of wet guncotton in naval mines with compara- 
tive safety. 



Nitrocellulose (NC) 

Cellulose occurs everywhere in the vegetable kingdom; it is 
w^ood fiber and cell wall, the structural material of all plants. 
Cotton fiber is practically pure cellulose, but cellulose of equal 
purity, satisfactory in all respects for the manufacture of explo- 
sives and smokeless powder, may be produced from wood. Cellu- 
lose and starch both yield glucose on hydrolysis, and the mole- 
cules of both these substances are made up of anhydroglucose 
units linked together. 



H“C* 

I 

H-C-OH 

I 

HO-C-H 

I 

H-:C 



H-C- 



CH,-OH 



The two substances differ in the configuration of the number 1, 
carbon atom. In cellulose this atom has the ^^-configuration; 
2000 or 3000 anhydroglucose units are linked together in long, 
straight, threadlike masses which are essentially one dimensional. 
In starch the number 1 carbon atom has the a-configuration 
which leads to spiral arrangements essentially three dimensional, 
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and the molecule contains not more than 25 or 30 anhydroglucose 
units. 

Cellulose contains 3 hydroxyl groups per anhydroglucose unit, 
and yields a trinitrate on complete nitration (14.14% N). An 
absolutely complete nitration is difficult to secure, but a product 
containing 13.75% nitrogen may be produced commercially. If 
the conditions of nitration, concentration of acid, temperature, 
and duration of the reaction, are less severe, less nitrogen is intro- 
duced, and products ranging all the way from a few per cent of 
nitrogen upward, and differing widely in solubilities and viscosi- 
ties, may be secured. In the cellulose nitrates which contain less 
than enough nitrogen to correspond to the trinitrate, the nitrate 
groups are believed to be distributed at random among the three 
possible positions, and no definite structural formulas can be 
assigned to the materials. Nor is it to be supposed that a sample 
which may correspond in empirical composition to cellulose mono- 
nitrate or dinitrate really represents a single chemical individual. 

Collodion is a nitrocellulose which is soluble in ether-alcohol 
and contains, according to the use for which it is destined, from 
8%, more or less, of nitrogen to 12% or thereabouts. The name of 
pyroxylin is now generally applied to collodion of low nitrogen 
content intended for use in pharmacy, in the making of lacquers 
or of photographic film, or intended in general for industrial uses 
outside of the explosives industry. In 1847 Maynard discovered 
that nitrocellulose existed which was soluble in a mixture of ether 
and alcohol although it would not dissolve in either of these 
solvents taken singly.®- The discovery soon led to the invention 
of collodion photography by Archer in 1851. .Chardonnet^s first 
patent for artificial silk was granted in 1884. Celluloid, made 
by dissolving collodion nitrocellulose in camphor with the use of 

After the material is dissolved, the solution may be diluted either 
with alcohol or with ether without precipitating. 
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heat and pressure, was patented by J. W. and I. S. Hyatt in 
1870. Worden states that collodion for the manufacture of cel- 
luloid is made by nitrating tissue paper with a mixed acid which 
contains nitric acid 35.4%, sulfuric acid 44.7%, and water 19.9%. 
Twenty-two pounds of acid are used per pound of paper. The 
nitration is carried out at 55® for 30 minutes, and the product 
contains 11.0-11.2% nitrogen. Ether-alcohol solutions of col- 
lodion, to which camphor and castor oil have been added in 
order that they may yield tough and flexible films on evapora- 
tion, are used in pharmacy for the application of medicaments 
to the skin in cases where prolonged action is desired. Two per 
cent of salicylic acid, for example, in such a mixture makes a 
^^corn remover.’^ Collodion for use with nitroglycerin to make 
blasting gelatin is generally of higher nitrogen content. Here the 
desideratum is that the jelly should be stiff, and the higher 
nitrogen content tends in that direction, but the collodion dis- 
solves in the nitroglycerin more slowly, and the product becomes 
stiffer on prolonged storage, and less sensitive, and may cause 
misfires. The nitrogen content of collodion for use in the manu- 
facture of blasting explosives is generally between 11.5 and 
12.0%. The official definition in England of collodion for this 
purpose gives an upper limit of 12.3% nitrogen. 

Two kinds of nitrocellulose were used in France at the time of 
the first World War, coton-poudre No. 1 (CPi), insoluble in 
ether-alcohol and containing about 13% nitrogen, and coton- 
poudre No. 2 (CP 2 ), soluble in ether-alcohol and containing 
about 12% nitrogen.®® CPi thus contained a little less nitrogen 



than the material which we are accustomed to call guncotton, 
and CP 2 contained a little more than the material which we are 
accustomed to call collodion. CPi and CPa were not respectively 
wholly insoluble and wholly soluble in ether-alcohol; their com- 
positions were approximate, and CP 2 always contained a certain 
amount of material soluble in alcohol alone. A mixture of CPj 
and CP 2 colloided with ether-alcohol was used for making pou- 

»«The French are accustomed to report their analyses of nitrocellulose, 
not as per cent nitrogen, but as cubic centimeters of NO (produced in 
the nitrometer and measured under standard conditions) per gram of sam- 
ple. Per cent nitrogen times 15.96 equals number of cubic centimeters of 
NO per gram of nitrocellulose. 
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dre B. Either CPi with nitroglycerin and an acetone solvent or 
both with nitroglycerin and an ether-alcohol solvent were used 
for making ballistite, and both of them with nitroglycerin and 
with non-volatile solvents were used in attenuated ballistite. 
Cp 2 was also used in France for the manufacture of blasting 
gelatin. 

Mendeleev studied the nitration of cellulose during the years 
1891 to 1895 in an effort to prepare a nitrocellulose which should 
have the largest content of nitrogen (and hence the greatest 
explosive power) compatible with complete solubility in ether- 
alcohol. He produced pyrocellulose containing 12.60% nitrogen. 
Russia adopted a military smokeless powder made from pyro- 
cellulose by colloiding with ether-alcohol, and the United States 
in 1898 was using a similar powder in the Spanish- American War. 

The word guncotton has about the same meaning in English 
and in American usage, namely, nitrocellulose containing 13% or 
more of nitrogen, usually 13.2-13.4%, insoluble in ether-alcohol 
and soluble in acetone and in ethyl acetate. One American manu- 
facturer prefers to call guncotton high-grade nitrocellulose. 

Preparation of Pyrocellulose. Equal volumes of sulfuric acid (1.84) 
and nitric acid (1.42) are mixed by pouring the sulfuric acid with stir- 
ring into the nitric acid, and the mixture is allowed to cool to room 
temperature. Five grams of absorbent cotton, previously dried at 100® 
for 2 hours, is thrust quickly into 150 cc. of this mixed acid and allowed 
to remain there for 30 minutes while it is stirred occasionally with a 
glass rod. The cotton is removed, freed as much as possible from acid 
by pressing against the side of the vessel, and introduced quickly into 
a large beaker of cold water where it is stirred about in such manner 
as to accomplish the prompt dilution of the acid with which it is satu- 
rated. The product is washed thoroughly in running water, and boiled 
for an hour with distilled water in a large beaker, then boiled three 
times with fresh portions of distilled water for a half hour each time. 
If the water from the last boiling shows the slightest trace of acidity to 
litmus paper, the pyrocellulose ought to be rinsed and boiled once more 
with distilled water. Finally, the excess of water is wrung out, and the 
pyrocellulose is dried in a paper tray for 48 hours at room temperature. 

Pyrocellulose is made commercially from purified cotton linters 
or hull shavings or wood cellulose, most commonly by the me- 
chanical dipper process. The thoroughly dry cellulose is intro- 
duced into the mixed acid contained in an iron or stainless steel 

nitrator which is equipped with two paddles revolving vertically 
in opposite directions and designed to thrust the cotton quickly 
under the surface of the acid. For 32 pounds of cellulose a charge 
of about 1500 pounds of mixed acid is used. This contains ap- 
proximately 21% nitric acid, 63% sulfuric acid, and 16% water. 
It may contain also a small amount, say 0,5%, of nitrous acid, 
NO 2 or N 2 O 4 , which, however, is calculated as being equivalent 
to a like amount of water and is not reckoned as any part of the 
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nitrating total of actual nitric and sulfuric acids, Tlie sulfuric 
acid content of tlic nitrating acid is kept as constant as possible 
in practice ; the nitric acid content may vary somewhat, less than 
1%, however, for slightly more nitric acid is necessary m warm 
weather to offset the tendency toward denitration which exists 
at that time. At the start the acid has a temperature of about 
30“ , the introduction of the cellulose requires about 4 minutes, 
and the nitration is continued for 20 minutes longer while the 
mixture is stirred mechanically with the paddles and the tem- 
perature is kept between 30“ and 34“. When tlie nitration is 
complete, a valve in the bottom of the nitrator is opened and the 
slurry is allowed to run into a centrifuge on the floor below. 
Here the crude nitrocellulose is separated quickly from the spent 
acid which is fortified for use again or, in part, goes to the acid 
recovery plant. W ringer fires arc by no means uncommon, espe- 
cially on damp days, for the air which is sucked through the acid- 
soaked material in the centrifuge gives up its moisture to the 
strong acid and dilutes it with the development of considerable 
heat. The nitrated product is forked thnmgh an orifice in the 
bottom of the wringer and fails into an immersion basin below, 
where it is drowned by being mixed rapidly with a swiftly moving 
stream of water. Thence it proceeds im its way down the gun- 
cotton line w^here it is sfabi/fsed or purified and then prepared for 
shipment or for use. 

The crude nitrocellulose contains certain amounts of cellulose 
sulfate, of nitrate of oxycellulose, and possibly of some cellulose 
nitrate w^hich is less stable than the ordinary, all of w^hich are 
capable of being hydrolyzed by long-continued boiling witli 
slightly acidified water Guncotton requires a longer stabilizing 
boil than pyrocellulose. After the boiling the acid is washed off 
and removed from the nitrocellulose, yielding a product w^hich is 
now stabilized because H contains neither free acid nor compo- 
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nent materials w’hicli arc prone to decompose with the formation 
of acid. 

The preliminarij boiling or s^our boiling is carried out in large 



Fkuhe 62. Nitrocellulose Fibers before Beating (132X)^ 



wooden tubs lie a ted by means of steam. At the beginning the 
nitrocellulose is boiled with w'ater which contains 0,255^? to 0.50% 
of acidity calculated as sulfuric acid. The first boil lasts usually 
for 16 hours during which time the acidity of the solution in- 
creases. The increase is duo largely to actual sulfuric acid. After 
16 hours the steam is shut of!, the solution is decanted from the 
nitrocelluhjse, the tub is filled with fresh water, and the material 
is boiled again for 8 hours. The boiling is repeated until each 
tubful has been boiled for 40 hours with at least 4 changes of 
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The hollow fibers still contain an acid solution wdthin them. 
In order that tliis acid may bo washed out, they arc pulped or 
broken up into short lengths by means of apparatus like that 
which is used in tlie manufacture of paper. A Jordan mill cuts the 
fibers off ratlicr sharply, leaving square ends, but a beater tears 




Fleets 63. KitrocelJuJofe Fibers after Beatiag U32X)* (Courted Western 
Cartridge Compimy.) 



them, leaving ends which appear rough and shredded under the 
microscope and w^hich result on the w'hole in the better opening 
up of the tubular fibers. The two machines arc usually used in 
series. A weak solution of sodium carbonate is added during the 
pulping to neutralize the acid wbich is liberated. The pulping is 
continued until the desired fineness has been attained as showm 
by laboratory test, 
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The pulped fibers still retain acid adsorbed or occluded on their 
surface. This is removed by poaching the nitrocellulose, by boil- 
ing it again, first for 4 hours w'ith fresh 'water with or w'ithout 
the addition of dilute sodium carbonate solution,"^ then for 2 
hours with w'ater without addition of soda, then twice with 'water 
for 1 hour each time. Tlie material is then washed at least S times 
by thorough agitation with cold water, and by decantation each 
time of at least 40% of the liquid. After the washing, the mate- 
rial undergoes screening j where it passes through apertures 0.022 
inch in width, wringing ^ 'whereby its moisture content is reduced 
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to 26-28^, and finally packing for shipment or for storage in 
containers wiiich are hemietically sealed. 

®TNqt more than 10 gallons of i^odium carbonate eoLution (1 pound per 
gallon) for every 2000 pounib of nUrot'H)nJf>»e (diy weight). 

Guncotton is made in substantially the same way as pyro- 
cellulose except that a stronger mixed acid containing approxi- 
mately 24% nitric acid, 67^ sulfuric acid, and 9% water is used. 
Long-fiber high-grade guncotton is usually manufactured by the 
pot process and with the use of mixed acid which is nearly 
anhydrous. Iron pots are generally used. For the nitration of 
4 pounds of dry cotton, 140 pounds of acid is introduced into the 
pot and the cotton is immersed in it, pressed down, and allowed 
to digest for 20 or 30 minutes. The contents of several pots are 
centrifuged at once, and the product is stahilized in the same way 
as pyrocellulose except that it is not pulped. 

There can be no doubt that, in the standard method of stabiliz- 
ing nitrocellulose, there are, among the results which the poaching 
accomplishes, at least some which would liave been accomplished 
much earlier during the boiling if the material at that time had 
been pulped. This seems especially evident with respect to the 
hydrolysis of easily hydrolyzed material adjacent to the inner 
wall of the tubular fibers, Olsen, discussing the standard method, 
has written, “The preliminary boiling tub treatment reduced the 
acidity of the fibers and of the interstitial material, but the pulp- 
ing process, by macerating these fibers, has set free an additional 
amount of acid. It is, therefore, necessary to repurify the pyro- 
cotton by boiling.” He discovered that a marked reduction in 
time and in cost could be secured by carrying out the pulping 
operation prior to the hydrolyzing boils. If tlie pulping is done at 
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the outset, “less than half of the 16 hours sour boiling usually 
employed will suffice for obtaining the desiml degree of purity 
when followed by alternating boils in fresh water and washes 
with cold fresh water, again less than half of the amount of boil- 
ing being sufficient/' With less than 20 houi's total time of 
purification, he obtained results as good as are ordinarily pro- 
cured by the 52 hours of the standard method. 




Figukg 64. Boilinjf Tubs for PunficuLion of XiLrocellulose. 



OIsen*s quick stabilization process is the result of further 
thinking along this same line and represents an ingenious appli- 
cation of a simple principle of colloid chemistry. After the nitro- 
cellulose has been thoroughly pulped, and after the easily decom- 
posed cellulose sulfate, etc., have been hydrolysed, there remains 



only the necessity for removing the acid whidi clings to the fiber. 
The acid, however, is adsorbed on the nitrocellulose, or bound to 
it, in such manner that it is not easily washed away by water or 
even by dilute soda solution; many boilings and w'ashings are 
necessary to remove it. Olsen has found tliat the acid is removed 
rapidly and completely if the nitrocellulose is digested or washed 

w'ith a stdution of some substance which is adsorbed by nitro- 
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cellulose with greater avidity than tlie acid is adsorbed, tlmt is, 
with a solution of some substance which has, as he says, a greater 
adhesion tenaion for uitmcellulose than the acid has. Sueli sub- 
stances arc aniline red, Bismarck brown, methyl orange, 




Figure 65. Fred Olsen. Hoa done important work on cellulose and has 
made many improvements io detonating plosives^ high explceiveS) and 
smokeless powder; io particular, has invented procesaefl for the quick 
Gtabilization of nitrocellulose ami for the production of baU-gram powder. 
Chief of Chemiciii Research, Aetna ExpLosivea Company, 1017-1919; 
Chemical Adviser, Ficationy Arsenal, 1910-1928; Techoical Director, 
Wefltera Cartridge Company, 1920^—. 

m-phenylenediamine, urea, substituted ureas such as diethyldi- 
phenylurea, and diphenylamine. A 0.5% solution of urea in water 
may be used. A halMioiir washing with a 0.5% solution of 
diphenylaraino in alcohol was more effective in producing stability 
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than 20 hours of bidling with ivater. A skdution of 0.1 gram of 
Bismarck brown in 300 cc. of water gave better stabilizathm 
of 30 grams of nitrocellulose in 1 hour than 10 boilings of 1 hour 
each with separate 300-cc. portions of water, 

Kitrocellulose, like all other nitric esters with the possible 
exception of PETN, is intrinsically unstable, even at ordinary 
temperatures. Yet the decomposition of a thorougVily purified 
sample is remarkably slow. Koehler and Marqucyrol have 
made a careful study of the decomposition of nitrocellulose at 
various temperatures in the vacuum of a mercury pump. They 
found that it evolved gas at the rate of about 0.7 cc. per gram 
per day at 100®, 0,01 cc. per gram per day at 75®, and O.OOOl cc. 
per gram per day at 40®. 
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A sample of CPi was freed from carbonate by digestion with 
carbonated water and subsequent washing; it was dried thor- 
oughly, and 35.152 grams of the material (analyzing 211.2 cc. 
NO per gram) was heated in vacuum at 75®. The results are 
summarized in the following table, where all gas volumes have 
been reduced to 0® and 760 mm. The residual gas, insoluble both 





Total 


Cubic 










Volume, 


Centi- 










Cubic 


meters 








Dubation of Heating 


Centi- 


PER Gram 


Composition of Gas, % 


AT 75* 


meters 


PER Day 


NO 


CO, 


Residue 


1st period (5 days) 


2.25 


0.0128 


625 


16.7 


208 


2nd period (56 days) 


1729 


0.0088 


632 


195 


172 


3rd period (56 days) 


1825 


0.00927 


608 


215 


17.6 


4th period (56 dsys) 


1624 


0.0080 


655 


18.0 


165 


5th period (56 days) 


18.19 


02079 


60.0 


20.7 


198 


6th period (56 days) 


182 


0.0084 


612 


20.4 


182 



in ferrous sulfate and in caustic soda solution, was analyzed and 
was found to consist approximately of carbon monoxide, 
18% nitrous oxide, 35% nitrogen, and a trace of hydrocarbons. 
After 309 days of heating at 75®, the temperature of the oven 
was reduced, and the same sample of nitrocellulose was heated 
in vacuum at 40® for 221 days. During this time it evolved a 
total of 0.697 cc. of gas or 0.0001154 cc. per gram per day. The 
same sample was then heated in vacuum at 100®, as follows. 





Total 


Cubic 










Volume, 


Ckntk 










Cubic 


Mi-rrEKS 








Duration of Heating 


Centi- 


PER Gk.\.M 


COMTOSmON OF 0.A8, % 


AT lOO* 


meters 


per Day 


NO 


CO, 


Residue 


1st period (30 hrs.) 


29.09 


0.662 


51.9 


24.1 


248 


2nd period (85 hrs.) 


857 


0.689 ) 


68.1 


178 


142 


3rd period (9 hrs.) 


8.09 


0.614 \ 



The residual gas, neither NO nor CO>, was found to contain 
about 64% of carbon monoxide, the remainder being nitrous 
oxide and nitrogen with a trace of hydrocarbons. The nitrocellu- 
lose left at the end of the experiment weighed 34.716 grams corre- 
sponding to a loss of 1.24% of the weight of the original material. 
It gave on analysis 209.9 cc. NO per gram corresponding to a 
denitration per gram of 2.2 cc. 

The gases from the decomposition of nitrocellulose in vacuum 
contain nothing which attacks nitrocellulose. If the decompo- 
sition occurs in air, the nitric oxide which is first produced 
combines with oxygen to form nitrogen dioxide, and the red 
fumes, which are acidic in the presence of moisture, attack the 
nitrocellulose and promote its further decomposition. The decom- 
position then, if it occurs in the presence of air or oxygen, is 
self-catalyzed. The amount of nitric oxide which is produced 
if the decomposition occurs in the absence of air, or the amount 
of nitrogen dioxide which is produced in the first instance if the 
decomposition occurs in the presence of air, is a function solely 
of the mass of the sample. The extent to which the red fumes 
attack the nitrocellulose depends, on the other hand, upon the 
concentration of the gases and upon the area of the surface of 
the sample which is accessible to their attack. The greater the 
density of loading of the sample, the greater will be the concen- 
tration of the red fumes. For the same density of loading, the 
finer the state of subdivision of the sample, the greater will be 
the surface. Pellets of compressed nitrocellulose, heated in the air, 
decompose more rapidly than the same nitrocellulose in a fluffier 



condition. The pellets give a poorer heat test (pee below) but 
obviously consist of material which has the same stability. Like- 
wise, nitrocellulose which has been dissolved in ether-alcohol and 
precipitated by the addition of water, decomposes in the air more 



rapidly than the original, bulkier material. Straight nitrocellulose 
powder always gives a better heat test than the nitrocellulose 
from which it was made. If small grains and large grains of 
smokeless pow'der are made from the same nitrocellulose, the 
large grains will give the better heat test. 

In this country the most common heat tests which are made 
regularly upon nitrocellulose and smokeIe.s.s powder are the 65.5® 
KT starch test and the 134.5® methyl violet test. In the former 
of these, five several portions of the material \mder test, differing 
in their moisture content from nearly di*y to thoroughly dry, are 
heated in test tubes in a bath warmed by the va|mrs of boiling 
methyl alcohol. Within each tube, a strip of potassium iodide 
starch paper, spotted with a 50% aqueous solution of glycerin, 
hangs from a hook of platinum wire a short distance above the 
sample, the hook itself being supported from a glass rod through 
a cork stopper. The tubes are examined constantly, and the time 
needed for the fii*st appearance of any color on the test paper in 
any one of the tubes is reported. 

In the 134.5® methyl violet test, heavy glass test tubes about a 
foot long are used. They are closed hwsely at their upper ends 
with perforated or notched cork stop|>ers, and are heated for 
almost their whole lengtli in a bath which is ^vanned by the 
vapors of Iwiling xylene. Two tubes are used. The samples occupy 
the lower 2 inches of the tubes, strips of methyl violet paper 
are inserted and pushed down until their lower ends arc about 
1 inch above the samples, the tubes arc heatetl and examined 
every 5 minutes, and the times arc noted w'hich arc necessary for 
the test pa|)ers to be turned completely to a salmon-pink color, 
for the first appearance of re<l fumes, and ft>r explosion. The 
explosion usually manifests itself by the audible popping of the 
cork from the tube, but causes no «>ther damage. A test similar 
to this one, but operated at 120®, using blue litmus paper and 
reporting the time necessary for the paper to be reddened com- 
pletely, is sometimes used. 

In the Bergmann-Junk test the number of cubic centimeters of 
nitrogen dioxide produced by heating a 5-gram sample for 5 hours 
at 132® is reported. The determination was originally made by 
absorbing the gas in ferrous sulfate solution, liberating the nitric 
oxide by warming, and measuring its volume. A method based 



upon the absorption of the gas in caustic soda solution and the 
titration of its acidity is now often used instead. 

There are many other variations of the heat test. They are 
sometimes called stability tests, but most of them, it will be 
noted, involve the self-catalyzed decomposition of the sample in 
an atmosphere of air or of red fumes. They indicate the com- 
parative stability only of materials which are physically alike. 
True indications of the stability of nitric esters are to be secured 
only by studying the decom|X)sition »>f i]\c substances in vacuum. 
For this purpose the 120® vacuum .stability test is most gen- 
erally preferred. 

Ash in nitrocellulose is determined by gelatinizing the sample 
with acetone which contains 5%> of castor oil, setting fire to the 
colloid, allowing it to bum tranquilly, and igniting the charred 
residue to con.<ttancy of weight. It is sometimes determined as 
sulfate by dissolving the sample in pure concentrated sulfuric 
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acid and igniting to constant weight. 

Nitrogen in nitrocdluli>ite is dctermineii hy means of tlie 
nitrometer, an instrument of great usefulness to the chemist who 
13 working with nitric estei*s or with nitmamines. 



cter are ready and the weight of tiie nitrogen in the nitric oxide 
and tlie percentage of nitrogen in the sample arc calculated. 

In tlie extrerndy ingenious DuPont nitrometer^ a 1-gram 
sample is used fur the anaiysis, ami the gas is collected in a 
measuring tube whidi lias been graduated to ready at a certain 
temperature and pressure, the correct percentage of nitrogen in 
the 1-gram sample. By means of a compensating bulb ami level- 
ing device, the gas in the measuring tube is brought to tlic volume 
which it would occupy i f it were confined at the temperature and 
pressure at w hich the graduations arc correct, and tlie percentage 
of nitrogen is then read oil directly. Tlie DuPont nitrometer 
w'as invented by Francis L DuPont about 1896* It quickly came 
into general use in the United States , and represents the form of 
the nitrometer which is preferred and generally used in this coun- 
try* Lunge in 1901 claimed that it differs in no significant respect 
from the * 'gas volumeter'' or “five-part nitrometer” which he 
had described in 1S90* 



Determination of Nitrogen 

Nitric acid and organic and inorganic nitrates, and In general 
all substances whicli Cimtain free nitric acitl or yield nitric acid 
when they are treated with concentrute<t sulfuric aeid^ are an- 
alyzed by means of tlie nitrometer* The method depends upon 
the measurement of the volume of the nitric oxide which is ]>ro- 
duced when concentrated sulfuric acid acts upon tlie sample in 
the presence of mercury. It is satisfactory also for the determina- 
tion of nitro group nitrogen in certain nitroamines, in nitro- 
guanidine and in tetryl but not in methylnitraminc* It is not 
satisfactory in tlic presence of mononitru ammatic compounds 
or of other substances wliich are nitrated readily by a solution of 
nitric acid in concentrated sulfiij'y^ acid. 

Colt I concentrated sulfuric acid docs not attack mercury* Cold 
nitric aciil acts ujion mercury to form mercurous nitrate with tlic 
evidution of nitric oxhle* If concentrated sulfuric acid is present^ 
mercurous nitrate camuit foruiy and the nitric acid is converted 
by the mercury quantitatively into nitric oxide. The method 
appears to have been used for the first time by Walter Crum 
who applicil it at an early date to the analysis of guncotton* 



Calibration aiid Use of the DuPont Nitrometer. The five essential 
parts of the DuPont nitrometer are illustrated in Figure 6S, The gradu- 
ations on the measuring bulb correspond to dry nitric o*\ide measured 
at 20® and 760 mm.^ which nitric oxide contains the indicated number 
of centigrams of nitrogen. Tiius, the point marked ID indicates the 
volume which would be occupied under the standard com lit ions of tem- 
perature and pressure by the quantity of dry nitric oxide whirh con- 
tains 0*10 gram of nitrogen, that is, by the nitric oxide produced in 
the nitrometer reaction from, a 1-grani sample of nitrate containing 
10% nitrogen. The point marked 12 eorresi^mls to 13/10 of this 
volume, that marked 14 to 14/10, and so on. And the tube reads cor- 
rectly the per cent of nitrogen in a 1-grani sample provided the gas is 
measured at 20® and 760 mm. 

In setting up the instrument, dry air is introduced into the com- 
pensating bulb and the outlet at the upper end of the bulb is sealed. 
Dry air hi introduced iniu the measuring bulb, the outlet is connected 
to a sulfuric arid manometer, and the mercury reservoir and the com- 
pensating bulb are raised or lowered until llie portions of air confined 



in both bulbs are at atmospheric pressure. The stopcock is closed, the 
volume in the measuring bulb ia read, thermometer and barometer are 
noted, the volume which the air in the measuring bulb would occupy 
at 20® and 760 mm. is calculated, and the mercury reservoir and the 
bulbs are adjusted until the air in the measuring bulb occupies this 



RancUon 



Marcury 



Comp^oiatme; Maasuring 
\bulb / bulb 



Marcury 

ra^arvolr 



Figures 66 and 67. Georg Lunge and Hie Nitrometer. Obverse and 
reverse of commemorative bronze plaqucttc by Hans Frei in celebration 
of Luage'a scs'cnticth birthday. 



He introduced tlic sample of guncotton into a eudiometer filled 
with mercury and inverted in that liquid, and carried out the 
reaction and measured the gas volume in the same eudiometer. 
Since he was unable to separate the guncotton from tire air 
entangled W'ith it, the measured gas volume was too large. The 
true volume of nitric oxide was determined by admitting a solu- 
tion of ferrous sulfate to the eudiometer and noting tbc volume 
of gas which was absorbed. 

The Lunge nitrometer is so designed that the nitrate or nitric 
ester is dissolved first in concentratcil sul furic acid and the solu- 
tion, without entrained gas, is afterwards adiuitted to the re- 
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net inn vessel. In the usual fornr of the instrument as used in 
Europe, the gas from the reaethm is measuretl in culiic centi- 
iiiicters at atmospheric pressure, tlie barometer anrl the tliermom- 



Ficum fiS. Du Pont Nitrometer. 
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.11 me uegiiimiig an analysis, me reaction tnim ana the measuring e wiy 

bulb and the ciipillary tiihe.s at the to|w of the bnllia are rompletely M. Nitrostarch Gmoujei (about 30X). 

Shed’t r-'"'’h m! \ nit««eihdos* is granules, being smaller titan those of corn and pc 

ICM" cooled in a* dp TTp Vr ^ I i°"i^ n ** permitted a more unifonn nitration and a more effici 

100 , cooled in a desiccator, and weighed accurately. A httle 05% sul- I- „ toit u u k j n ■ 

furic add is poured onto the nitrocellulose and the whole Lj washed com starch has been used m tbs c 

into the reaction bulb. The weighing bottle is rinsed out with several from pectie acid 

fimall portions af sulfuric ncidj the same acid is used for rinsing the ^ dilute caustic soda or ammonia solution and tlier 

cup and IS finally introduced into the reaction bulb, until altogether contains less than 0*5% of : 

about 20 cc. of acid has been used, care lieing taken that no air is process which produced a nitrostarch contair 

introduced* The mercury reservoir Is lowered to give a rethiced pres- nitrogen, a mixed acid containing 38% of nitric ac 

sure in the reaction bulb and the bulb is shaken gently, the stopcock of sulfuric acid was used, 800 pounds of the acid 

at its bottom, being open, until the generation of goa has practically 
ceased. The bulb ia then raised until the level of the mercury drops 
nearly to its lower shoulder, the stopcock is dosed, and the bulb is 
shaken vigorously for 3 minutes. The cock is opened and the apparatus 
is allowed to stand for several minutes* The mercury level is then ad- 
justed os before, the cock b closed, and the shaking is repeated for 
another 3 minutes. Finally the gas is transferred to the measuring bulb 
and allowed to stand for about 20 minute. The measuring bulb and 
the compensating bulb are then adjusted in such fashion that the 
mercury in both stands at the same level and that the 
the compensating bulb stands at the point indicated by the 
The volume in the measuring bulb is then read. After ead 



ammonia determined the stability of the product, perhaps be- 
cause ammonia ivaa prcfcrontially adsorbed, instead of acid, by 
the material of the nitrostarch granules. The product was dried 
at 35-40“. 

Nitrostarch gives no color with hHlinc. It is insoluble in water 
and does not gelatinize to form a paste as starch docs when it is 
boiled with water. It is not notably hygroscopic, but may take 
up 1 or 2% of moisture from a damp atmosphere. It is soluble in 
acetone. The varieties of nitroatarch which are soluble in cthcr- 
aleohol contain about the same 



amounts of nitrogen as the va* 
ricties of nitrocellulcme which dissolve in tliat mixed solvent. 
Nitrostarch does not form a good film or tough colloid as nitro- 
cellulose does. 

During the first 'World War a Troyan explosiuo which con- 
tained nitrostarch was used in trench mortar shells and in hand 
and rifle grenadee. Its composition was as follows. 



Not Less Th.^x Not Mohb Than 
23.09S) 27 0% 

3L0 35.Q 



Nitroistureh 

Animoiiium nitmtc 



Sodium nitnito 



CliarcouL 

Heavy hydrocarbons 

Anti-acid * 

Diphenylamine 

Moisture 



AH the dope waienats were first ground to the desired fineness 
and dried, and then turned over in a large mixing barrel while 
the dry nitrostarch W'as added. Trench mortar shells were loaded 
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‘by stemming, but the explosive was jarred into the grenades 
through small funnel-shaped openings. Another nitrostarch explo- 
sive, which was used only in grenades, was called Grenite and 
consisted almost entirely of nitrostarch (about 977^0 with small 
amounts (about 1.5% each) of petroleum oil and of gum arabic. 
It was made by spraying the dry materials with a solution of the 
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binder while the mixture was stirred in a rotary mixer. The 
resulting granules were dried and screened, and yielded a free- 
running explosive which could be loaded easily by machine. 

Three United States patents granted in 1916 to Bronstein 
and Waller describe several nitrostarch blasting explosives, of 
which the following table reports typical examples. In actual use. 



I n III IV V VI 

Nitrostarch 30.0% 39.0% 30.0% 40.0% 40.0% 40.0% 

Ammonium nitrate TNT 

mixture 15.0 20.0 20.0 

Sodium nitrate 465 3725 58.0 37.7 34,7 17.7 

Barium nitrate 20.0 200 20.0 

Carbonaceous material 3.0 ... 5.0 

PamflSn oil 0.7 0.75 00 03 03 03 

Sulfur 3.0 2.0 5.0 ... 3.0 

Calcium carbonate 10 1.0 10 10 10 10 



these explosives would also contain a small amount of some 
stabilizer, say 0.2% of diphcnylamine or of urea. 



Utilization of Formaldehyde 

At the time of the first World War the methyl alcohol which 
was needed for the preparation of tctryl was procured from the 
distillation of wood. It was expensive and limited in amount. 
Formaldehyde was produced then, as it is now, by the oxidation 
of methyl alcohol, and a demand for it was a demand upon the 
wood-distillation industry. Formaldehyde was the raw material 
from which methylamine was produced commercially, and the 
resulting methylamine could be used for the preparation of tetryl 
by the alternative method from dinitrochlorobenzcne. It was also 
the raw material from which certain useful explosives could be 
prepared, but its high price and its origin in the wood-distillation 
industry deprived the explosives in question of all but an aca- 
demic interest. With the commercial pn>duction of synthetic 
methyl alcohol, the same explosives are now procurable from a 
raw material which is available in an amount limited only by the 
will of the manufacturers to produce it. 

Carbon monoxide and hydrogen, heated under pressure in the 
presence of a suitable catalyst, combine to form methyl alcohol. 

A mixture of zinc oxide and chromium oxide has been used as a 
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catalyst for the purpose. Carbon monoxide and hydrogen (equi- 
molecular amounts of each) arc produced as water gas when 
steam is passed over hot coke. 

C + HaO ► CO -f H, 

Additional hydrogen, from the action of iron on steam or from 
the electrolysis of water, is added to the water gas to provide the 
mixture which is needed for the synthesis of methyl alcohol. 

CO -h 2H, ► CHx-OH 



methyl alcohol vapor is mixed with air and passed over an 
initially heated catalyst of metallic copper or silver gauze, oxida- 
tion occurs, sufficient heat is evolved to maintain the catalyst at 
a bright red, and formaldehyde is fonned. 

2CH.-OH -H 0, ^ 2H,0 -|- 2 >C=0 



Of the several explosives which are preparable from formalde- 
hyde, two are the most powerful and brisant of the solid high 
explosives which are suitable for military use. One of these, 
cyclotrimethylenetrinitramine or cyclonite, is a nitroamine and 
is discussed in the chapter which is devoted to those substances. 
The other, pentaerythrite tetranitrate or PETN, is a nitric ester. 
Both may be prepared from coke and air. 

Formaldehyde enters readily into combination with substances 
which add to its unsaturated carbonyl group. If a substance con- 
taining an active hydrogen adds to formaldehyde or condenses 
with it, the active hydrogen attaching itself to the oxygen of the 
formaldehyde and the rest of the molecule attaching itself to the 
carbon, the result is that the position originally occupied by the 
active hydrogen is now occupied by a — CH^ — OH or methylol 
group. Hydrogens which are active in condensation reactions are 
those which arc a- to a carbonyl, a nitro, or a cyano group, etc., 
that is, they are attached to aj^arbon atom to which a carbonyl, 

a nitro, or a cyano group is also attached and arc in general the 
hydrogen atoms which are involved in the i)henomena of tautom- 
crism. The condensation of formaldehyde with acetaldehyde, 
with nitrome thane, with cyclopcntanone, and with cyclohe.xanone 
thus leads to polyhydric primary alcohols the nitric esters of 
which are useful explosives. 



Pentaerythritc Tetranitrate (PETN, penta, niperyth, penthrit) 
Four equivalents of formahlehydc in warm aqueous solution 
in the presence of calcium hydroxide react with one equiv- 
alent of acetaldehyde to form pentaerythritc. Three of the four 
react with the three a-hydrogens of the acetaldehyde, the fourth 
acts as a reducing agent, converts the — CHO group to — CHs — 
OH, and is itself oxidized to formic acid. 



3 ^C=0 + CH,~CHO 









OH 

I 

CH, 

I 

H-COOH+ HO-CH-C-CH,-OH 



OH 

I 

CH, 

I 

HO-CH-C-CHO 

I 

CH, 




CH, PETN 



OH 



ONO, 



It is evident that carbon dioxide may be used instead of the 
monoxide if a correspondingly larger amount of hydrogen is also 

CO, + 3H, . CHr-OH + H,0 

Methyl alcohol in fact is made in this manner from the carbon 
dioxide which results from certain industrial fermentations. When 



The name, pentaerythrite, indicates that the substance contains 
five carbon atoms and (like erythrite) four hydroxyl groups. In 
commercial practice the reaction is carried out at 65-70®. After 
2 hours at this temperature, the calcium is precipitated by means 
of sulfuric acid, the mixture is filtered, and the filtrate is con- 
centrated and crystallized by evaporation in vacuum. Penta- 
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erythrite crystallizes from \vat(‘r in white tetragonal crystals, 
m.p. 253°. One i>art rerun res IS parts of water at 15° lor its 
solution. 

PETN may he prepared, accortling to Naoinn, hy adding 
100 grams of finely powdered pentaerythrite to 400 ce. of nitric 
acid (1.52) while the temperature is maintained between 25° ami 
30° by efficient cooling. Toward the end of the nitration a certain 
amount of the tetranitrate crystallizes out. The separation of tiu* 
product is completed by the gradual addition of 400 cc. of con- 
centrated sulfuric acid (1.84) while tlie stirring ami cooling are 
continued. The mixture is not drowned, but the crude PETN 
{85-90% of the theory) is filtered off directly, and wa.shcd first 
with 50% sulfuric acid and then with water. It still contains 
some occluded acid and is purified, according to Naoum, by dis- 
solving in hot acetone to which a little ammonium carbonate is 
added, and filtering the hot solution into twice its volume of 90% 
alcohol by which the PETN is precipitated in fine needles. 

Pentaerythrite may also be nitrated satisfactorily, and prob- 
ably in better yield, without the use of sulfuric acid and with the 
use of nitric acid from which the nitrous acid has been removed. 

Preparation of Pentaerythrite Tetranitrate. Four hundred cc. of 
strong white nitric acid — prepared by adding a little urea to fuming 
nitric acid, warming, and blowing dry air through it until it is com- 
pletely decolorized — is cooled in a 600-cc. beaker in a freezing mixture 
of ice and salt. One hundred grams of pentaerythrite, ground to pass 
a 50-mesh sieve, is added to the acid a little at a time with efficient 
stirring while the temperature is kept below 5°. After all has been 
added, the stirring and the cooling are continued for 15 minutes longer. 
The mixture is then drowned in about 3 liters of cracked ice and water. 
The crude product, amounting to about 221 grams or 95% of the 
theory, is filtered off, washed free from acid, digested for an hour with 
a liter of hot 0.5% sodium carbonate solution, again filtered off and 
washed, dried, and finally recrystallized from acetone, A good com- 
mercial sample of PETN melts at 138.0-138.5°. The pure material 
melts at 140.5-141.0°, short prismatic needles, insoluble in water, dif- 
ficultly soluble in alcohol and ether. 

Pentaerythrite tetranitrate is tlie most stable and the least 
reactive of the explosive nitric esters. It shows no trace of decom- 
position if stored for a very long time at 100°. While nitrocellulose 
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is destroyed within a few minutes by boiling witli a 2.5% solu- 
tion of caustic soda, PETN requires several hours for its com- 
plete decomposition. Ammonium sulfide solution attacks PETN 
slowly at 50°, and a boiling solution of ferrous chloride decom- 
poses it fairly rapidly. It does not reduce Fchling's solution even 
on boiling, and differs in this respect from erythrite tetranitrate. 

PETN tloes not take fire from the spit of a fuse. If a small 
quantity is submitted to the action of a flame, it melts and takes 
fire and burns quietly with a slightly luminous flame witliout 
smoke. Above 100° it begins to show appreciable volatility, and 
at 140-145°, or at temperatures slightly above its melting point, 
it shows red fumes within half an hour. It inflames spontaneously 
at about 210°. It is relatively insensitive to friction but makes a 
loud crackling when rubbed in a rough porcelain mortar. It may 
be exploded readily by pounding with a carpenter’s hammer on 
a concrete floor. In the drop test it is detonated by a 20-cm, drop 
of a 2-kilogram weight, sometimes by a drop of 10 or 15 cm. 

Naoum reports that 10 grams of PETN in the Trauzl test 
with sand tamping gave a net expansion of about 500 cc., with 
water tamping one of 560 cc. The same investigator found a 
^velocity of detonation of 5330 meters per second for the material, 



only slightly compressed, at a density of loading of 0.85 in an 
iron pipe 25 mm. in internal diameter. For PETN compressed to 
a density of 1.62 Kast found a velocity of detonation of 8000 
meters per second. 

PETN is extraordinarily sensitive to initiation. It is detonated 
by 0.01 gram of lead azide, wliereas tctryl requires 0.025 gram of 
lead azide for its certain detonation. This sensitivity and its great 
brisance combine to make PETN exceptionally serviceable in 
compound detonators. 

Under high pressure powdered PETN agglomerates to a mass 
which has the appearance of porcelain, but which, when broken 
up into grains, is a very powerful smokeless powder functioning 
satisfactorily with the primers which are commonly used in small 
arms ammunition. Tlie powder is hot and unduly erosive, but 
cooler powders have been prepared by incorporating and com- 
pressing PETN in binary or in ternary mixtures with TNT, 
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nitroguanidine, and guanidine picrate. A mixture of PETN with 
guanidine picrate is less sensitive to heat and t»> shock than 
ordinary colloided smokeless powder, anti is stable at all tempera- 
tures which arc likely to be encountered. PETN does not colloid 
with nitrocellulose. It dissolves readily in warm trinitrotoluene, 
and mixtures may be prepared which contain 65% or more of 
PETN. The richer mixtures may be used as propellent powders. 
The less-rich mixtures arc brisant and powerful high explosives 
comparable in their behavior and effects to TNB. 

Stettbachcr in 1931 described several dynamitc-like e.xplo- 
sives which contained both PETN and nitroglycerin. He called 
them by the general name of Penthrinit, and de.scribcd simple 
penthrinit, gelatin penthrinit, and ammonpenthrinit. Naoum 
later in the same year reported comparative tests of ammon- 
penthrinit and gelatin dynamite, as follows. 

A.MMONPENTHR1NIT GeL.AT1X DyNWMITB 

Composition 



PETN 


37% 




Nitroglycerin. 


10% 


637c 


Collodion nitrocotton 




2% 


Dinitrotolnone 


5% 




Wood meal 




o7o 


Ammonium nitrate 


48% 


307c 


Truuzl te.< (average) 


430 cc. 


465 ce. 


Velocity of detonation (average) 


6600 meters per sec. 


7025 meters 


At deniiity of loa«ling 


U6 


1.47 



A Swiss patent of 1932 to Stettbacher covers the conversion 
of PETN into a plastic mass by means of 10-30% of a fluid 
nitric ester such as nitroglycerin or nitroglycol. It' states that a 
mixture of 80%* PETN and 20% nitroglycerin is a plastic mass, 
density 1.65, which does not separate into its components and 
which is suitable for loading shells and detonators. For the latter 
purpose it is initiated with 0.04 gram of lead azide. 

Dipentaerythrite Hexanitrate (Dipenta) 

The formation of a certain amount of dipentaerythrite is un- 
avoidable during the preparation of pentaerythrite. It is nitrated 
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along with the latter substance, and, unless a special purification 
is made, remains in the PETN where its presence is undesirable 
because of its lower stability. 

Dipentaerythrite hexanitrate is procured in the pure state 
by the fractional crystallization from moist acetone of the crude 
PETN which precipitates when the nitration mixture is drowned 
in water, white crystals, m.p. 72°. The crystals have a ^ecific 
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OH 



OH 




CH, 

ONO, 



CH, 

ONO» 



DlpeotaerTthrite heuDltrate 

gravity of 1.630 at 15®, after being fused and solidified 1.613 
at 15®. The substance is less sensitive to friction, less sensitive 
to the mechanical shock of the drop test, and less sensitive to 
temperature than PETN, but it is less stable and decomposes 
much more rapidly at 100®. 

Briin reports measurements by the Dautriche method of the 
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velocities of detonation of several explo.sives loaded in copper 
tubes 10 mm. in diameter and compressed under a pressure of 



Explosive 

Dipentaerythrite liexanitrate 
Pen taeryth rite tetranitrate , 

Tetryl 

Trinitrotoluene 



Density 


Velocity of 
Deton.^tion, 
Meters per 
Second 


f 1589 .... 


7370 


( 1589 ... 


7450 


( 1.712 ... 


8340 


X 1.712 . . . 


8340 


J 1.682 ... 


7530 


( 1.682 . . . 


7440 


f 1.615 ... 


7000 


( 1.615 ... 


7000 



2500 kilograms per square centimeter. He also reports that a 
10-gram sample of dipentaerythrite hexanitrate in the Trauzl 
test gave a net expansion of 283 cc. (average of 2), and PETN 
under the same conditions gave a net expansion of 378 cc. (aver- 
age of 3). 



Trimethylolnitromethane Trinitrate (Nitroisobutanetriol tri- 
nitrate, nitroisobutylglycerin trinitrate, nib-glycerin trini- 
trate) 

118 Thg q£ these names are scientifically correct. The third is not 

correct but is used widely. The trihydric alcohol from which the nitric 
ester is derived is not an isobutylglycerin. In the abbreviated form of this 
name, the syllable, nib, stands for nitro-iso-butyl and is to be pronoimccd, 
not spelled out like TNT and PETN. 

This explosive was first described in 1912 by Hofwimmer 
who prepared it by the condensation of three molecules of formal- 
dehyde with one of nitromethane in the presence of potassium 
1 bicarbonate, and by the subsequent nitration of the product. 
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H>-» 



H 



i ^ 
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OH 

^lU 
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-C— CH^ 
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ONO, 

ill, 

.OH ► NO,— i— CHr-ONO, 

CII, 

(!)N0, 



At a time when the only practicable methods for the preparation 
of nitromethane were the interaction of methyl iodide with silver 
nitrite and the Kolbe reaction from chloracetic acid, the explosive 
was far too expensive to merit consideration. The present cheap 
and large scale production of nitromethane by the vapor-phase 
nitration of methane and of ethane has altered the situation pro- 
foundly. Trimethylolnitromethane trinitrate is an explosive which 
can now be produced from coke, air, and natural gas. Nitro- 
methane too has other interest for the manufacturer of explo- 
sives. It may be used as a component of liquid explosives, and it 
yields on reduction methylamine which is needed for the prepa- 
ration of tetryl. 

The crude trimethylolnitromethane from the condensation com- 
monly contains a small amount .of mono- and dimethylolnitro- 
methane from reactions involving one and two molecules of 
formaldehyde respectively. It is recrystallized from water to a 
melting point of 150°, and is then nitrated. Stettbacher reports 
that the pure substance after many recrystallizations melts at 
164-165®. The nitration is carried out either with the same mixed 
acid as is used for the nitration of glycerin (40% nitric acid, 
60% sulfuric acid) or with very strong nitric acid, specific 
gravity 1.52. If the trihydric alcohol has been purified before 
nitration, there is but little tendency for the nitrate to form 
emulsions during the washing, and the operation is carried out 
in the same way as with nitroglycerin. In the laboratory prepara- 
tion, the nitric ester is taken up in ether, neutralized with 
ammonium carbonate, dried with anhydrous sodium sulfate, and 
freed from solvent in a vacuum desiccator. 

The explosive is procured as a yellow oil, more viscous than 
nitroglycerin, density 1,68 at ordinary temperature. It has but 
little tendency to crystallize at low temperatures. A freezing 
point of —35° has been reported. It is very readily soluble in 
ether and in acetone, readily soluble in alcohol, in benzene, and 
in chloroform, and insoluble in ligroin. It is less soluble in water 
and less volatile than nitroglycerin. Because it is less volatile, it 
is slower to cause headaches, and for the same reason the head- 
aches are slower to go away. It is distinctly inferior to nitro- 
glycerin as a gelatinizing agent for collodion nitrocottpn. The 
nitro group attached directly to an aliphatic carbon atom ap- 
pears to have an unfavorable effect on stability, for trimethylol- 
.285 

nitromethane trinitrate gives a poorer potassium iodide 65.5° 
heat test than nitroglycerin, Naoum reports the data which 
are tabulated below. 

TBIMETHYLOI/- 

NITROMETUANE NiTBO* 
TRl N ITiUTE CL YCia I ,N 

Trauzl teat: 75% kieselguhr dynamite 325 cc. 305 cc. 

03% blasting gelatin 580 cc. 600 cc. 

Drop test, 2-kilograni weight 6 cm. 2 cm. 



Nitropentanone and Related Substances 
Cyclopentanone and cyclohexanone contain four active hydro- 
gen atoms and condense with formaldehyde to form substances 
which contain four — CHo — OH groups. The latter may be 
converted directly into explosive tetranitrates or they may be 
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reduced, the carbonyl groups yielding secondary alcohol groups, 
and the products then may be nitrated to pentanitrates. 
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The explosives derived in this way from cyclopentanone and cyclo- 
hexanone were patented in 1929 by Friederich and Flick. They 
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are less sensitive to mechanical shock than PETN^ and three out 
of four of them have conveniently low melting points which 
permit them to be loaded by pouring. Tetramethylolcyclopen- 
tanane tetranUrate, called nitropentunonc for short, melts at 
74“ . TetramethylolcudopentaTwl pentanitrate is called nitro- 
pentanol and melts at 92“, Tetmmethylolcyclohexanone tetra- 
nitrate, m.p. 66°, is called nitrohexanenej and tetramethylolcydo- 
hexctnol pentanitrate^ in.p. 122.6°, nitrohexanoL They are less 
brisani than PETN. Wohler and Roth have measured their 
velocities of detonation at various densities of loading, as follows. 



Explosive 

Nitropentanone 



Nitropentanol 



NitrDKexaJCione . . 



NUrohe^anoK . . , 



Denbitt op Velocity op Detokatiox, 
LoAmxo Metees feu Seco;^d 



ri59 




. 7940 


1 .44 ...... 




. 7170 


' 130 




. 6020 


,1.13 




. 4630 


njS7 




neo 


U1 




. 7050 


129 




. 0160 






5940 


1.01 




. 5S0O 


0.91 




. 5t00 


,0.7s 




. £060 






, 7740 


^1-42 




. 7000 


Li25 




. 6710 








rl.44 

J 128 




. 7070 
. 6800 


1 LOO 




. £820 


Lo3i 




. 5470 
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CHAPTER VI 



SMOKELESS POWDER 

An account of smokeless powder is, in its main outUnes, an 
account of the various means which liave Ireen used to regulate 
the temperature and the rate of the burning of -nitrocellulose. 
After the degree of nitration of the nitrocellulose, other factors 
I which influence the character of the powder are the state of 



aggregation of the nitrocellulose, w'hcthcr colloidcd or in shreds, 
the size and shape of the powder grains, and the nature of the 
materials other than nitrocellulose which enter into its com- 
position. 

Bulk Powder 

The first successful smokeless powder appears to have been 
made by Captain Schultae of Uie Prussian Artillery in 1864. At 
first he seems only to have impregnated little grains of wood 
with potassium nitrate, but afterwards he purified the wood by 
washing, boiling, and bleaching, then nitrated it, purified the 
nitrated product by a metlmd similar to that which had been 
used by von Lenk, and finally impregnated the grains with 
potassium nitrate alone or with a mixture of that salt and barium 
nitrate. The physical structure of the wood and the fact that 
it contained material wdiich w-as not cellulose both tended to 
make the nitrated product bum more slowdy than guncotton. The 
added nitrates further reduced the rate of burning, but Schultie's 
powder was still too rapid for use in rifles. It found immediate 
favor for use in shot guns. It w^as manufactured in Austria by a 
firm which in 1870 and 1871 took out patents covering the partial 
gelatinization of the powder by treatment w'ith a mixture of ether 
and alcohol. The improved powder was manufactured between 
1872 and 1375 under the name of Collodin, but the Austrian gov- 

2S8 

ernment stopped its manufacture on the grounds that it infringed 
the government's gunpowder monopoly. A company was formed 
in England in ISGS to exploit SdiulUe's invention, a factory w-as 
established at Eye worth in the New Forest in IS69, and the 




Ficvre 70. Shreddy GrainA of Bulk Powder (26X)- (Courtei^y Western 
Cartridge Company.) 



methods of manufacture were later improved by Griffiths and 
achieved great success. In 1883 Schultze entered into a partner- 
ship in Germany and started a factory at Hetzbach in Hesse- 
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Darmstadt 

The next succesafu! smokeless powder was invented at the 
works of the Explosives Company at Stowmarket in EnglancJ- It 

2S9 

was called E* C. powder (Explosives Company), and consisted of 
nitrocotton mixe<[ with potassium and barium nitrates with the 
addition of coloring matter and small amounts of other organic 
inateriah It was made into grains which were hardened by being 
partially gelatinized with ether^alcohoL A separate company was 
organized to develop the invention, and the manufacture was 
starts at Green Street Green, near Dartford, in Kent. 

Schultze powder and E. C. powder are known as bulk ^porting 
powders, either because they are loaded by bulk or because, for 
the same bulk, they have about the same power as black powder. 
Bulk powders burn quickly. They are used in shot guns, in hand 
grenades, in blank cartridges, and occasionally in the igniter 
charges which set fire to the dense coiloided propellent powder 
which as used in artillery. 

Bulk powders are made in considerable variety, but they con- 
sist always of nitrocellulose fibers which are stuck together but 
are not completely coiloided. Some contain little else but nitro- 
cellulose; others contain, in addition to potassium and barium 
nitrates, camphor, vaseline, paraffin, lampblack, starch, dextrine, 
potassium dichromate or other oxidizing or deterrent salts, and 
diphenylamine for stabilization, and are colored in a variety of 
brilliant hues by means of coal-tar dyes. In the United States 
bulk powders are manufactured by one or the other of tw'o proc- 
esses, either one of which, however, may be modified consider- 
ably; the materials are incorporated under wooden wheels, 
grained, and partially gelatinized, or the grains are formed in a 
still where a water suspension of pulped nitrocellulose is stirred 
and heated with a second liquid, a solvent for nitrocellulose which 
is volatile and immiscible with water. 

Tliree typical bulk powders are made up according to the 
approximate formulas tabulated below. The nitrogen content of 



and its completion is indicated by the failure of the powder to 
carry up on the pan because of the loss of moisture. 

After it has been granulated, the powder is given a preliminary 
screening with a 12-mesh sieve. The material which is retained 
on the sieve is returned to the wheel mill. That which passes 
through is hardened. It is put into a horizontal revolving cylinder 
and a mixed solvent, consisting of about 1 part of acetone and 
6 parts of alcohol, is added in the proportion of 1 gallon of solvent 
to 15 pounds of povvder. Acetone dissolves nitrocellulose, alcohol 
does not; the mixed solvent swells and softens the fibers and 
makes them stick together. The cylinder is rotated, while hot air 
is blown through, until the solvent has been volatilized. During 
this process the temperature is allowed to rise as high as 50" 
or 55". The product, which consists of grains now more or less 
completely agglutinated, is given a final screening. In a typical 
case, the portion passed by a 12-mesh sieve and retained by a 
50-mesh sieve is taken; it is given a final drying and is ready 
for use. 

In a typical example of the still process for the manufacture of 
bulk sporting powder, 500 pounds of pulped nitrocellulose 
(12.60% N) is placed in a vertical cast-iron still along with 700 
gallons of water containing 2% of potassium nitrate and 6% of 
bariummitrate dissolved in it. The material is mixed thoroughly 
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Nitrocellulo^ 


840 


87.0 


S9.0 


% N in nitroceJLuloaa 


13,15 


12.90 


12.90 


Fotasaium nitrate 


...... 7.5 


6.0 


6.0 


Barium nitrate 


73 


2.0 


3.0 


Starch 

Paraffin oil 




4 0 


1.0 


Diphenylamine 


1.0 


1.0 


kO 



the nitrocelluloae is an average secured by mixing pyrocellulose 
and guncotton. A batch usually amounts to 200 pounds, 100 
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pounds of water is added and nbnut 90 grams of rosaniline or 
some other, generally bright-cuh^red, water- sulublc dycatulT, and 
the eharjge is incorporated by milling fur about 45 minutes in a 
wheel mill which is built like a black-powder mill but is smaller 
and has light wooden wheels. The charge is then run through 
a mechanical rubber, w'hich consists of wooden blocks rubbing 
with a reciprocating motion on a perforated zinc plate; the larger 
lumps are broken up and the material is put into proper eondition 
for granulating. For this purpose about 50 pounds is placed in a 
copper pan or “sweetie barrel” which is revolving in a vat of hot 
water and is heated by that means. The pan rotates fairly 
rapidly, say at about 15 r.p.m,, and carries the powder up along 
its sloping side to a point where it ia scraped off by suitably 
arranged wooden scrapers and falls back again. It thus receives 
a rolling motion which has the effect of granulating the powder 
into spherical grains. The operation requires about 40 minutes, 



Ficuiia 71. Sweetie Barrel. tCourtesy Western Caiiridge CompaDy.) The 
moist aad mixed ingredients of bulb powder, tumbled in this appamtua, 
take on the form of giuina. Similar equipment ia used for sugar-coating 
pills and for applying a deterrent coating or a graphite glue to graina 
of coiloided smokeJe^ powder. 
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and agitated actively by mechanical atirrera while 145 gallona of 
mixed solvent (2 parta butyl acetate, 3 parla benzene) contain- 
ing about 3 pounds of diphenylamine dissolved in it is pumped 
in. Tile stirring is violent enough to break the stilveot phase up 
into many small droplets, afld around each droplet a globular 
cluster of nitrocellulose shreds builds up. The mixture is stirred 
continuously and distilled in vacuum at a temperature of about 
30®, The distillate is collected in a separating device in such man- 
ner that the solvent is drawn off while the water is returned to 
the still. At the end of the process the contents of the still consists 
of water with potassium and barium nitrates in solution along 
with granules of the wet but otherwise finished powder. The indi- 
vidual grains of the powder are broken apart by a very violent 
stirring, filtered ofi in a centrifuge, and dried. The finished powder 
contains about 1 or L5% of potassium nitrate and about Z,5% 
of barium nitrate. 

Early History of Colloided Powders 
1S84, The first smokeless pow'der which was satisfactory for 
use in rifled guns was the dense, colloided poudre B* invented by 
the French physicist, Paul Vieille, and adopted immediately for 
the use of the French army and navy. It was made by treating a 
mixture of soluble and insoluble nitrocotton with ether-alcohol, 
kneading to form a stiff jelly, rolling into thin sheets, cutting into 
squares and drying, or, in later practice, extruding through a die 
in the form of a strip, cutting to length, and drying. The results 
of the first proof firing of this powder, made with a 65-mm. 
cannon, w'ere communicated to the Minister of Armaments on 
December 23, 1884. 

It w as then established that the new processes would per- 
mit the ballistic effect of black powder to be secured with the 
same pressure and with the charge reduced to about a third, 
and that the pow’er of the arms could be increased notably, 
with a slight reduction of the charge, while still keeping to 
the ordinary pressures. The standard powder for the model 
1886 rifle w^as determined in the early months of the year 
1885, , , * The standard powder made possible an increase 
of v^elocity of 100 meters per second for the same pressures, 

^Poudre blnncfu', white powder m coutrudistmetLon to poudre JV, poudre 
noire, bluek powder. 

293 

. . . This sul)Ktitution has had the foreseen eouciet^ueniec of 
suppressing tlie smoke from the shooting. 

The author of the note in the Metnortal des pomlrfs in which the 
abo’v e-quoted public announcement w'aa made eoneeming the new 
powder was so impressed by the importance of the invention that 
he concludes the note by saying: 

It results from this that the adaptation to firearms of any 
other explosive known at the present time \nmld he able to 
bring to the armament only a perfectioning of detail, and 
that a new progress, comparable to that which has been 
realized recently, cannot be made except by the discovery 
of explosives of a type entirely different from those which 



chemistry today puts at our disposition. 

Flench powder for the military rifle consists of small square 
flakes lightly glazed with graphite. The glazing serves to retard 
slightly the rate of burning of the surface layer, and, more impor- 
tant, it serves to make the powder electrically conducting and to 
prevent the accumulation of a static charge during the blending 
of small lots of the powder into a single, ballistically uniform 
large lot For guns the powder consists of unglazed strips. The 
squares and strips, ignited over their entire surfaces, burn for 
lengths of time which depend upon their thicknesses, and they 
retain, during the burning, surfaces which change but little in 
area until at the end the grains are completely consumed. 

1S88. The second successful dense smokeless powder was the 
baLlistite which was invented by Alfred NobeL This w'as a stiff 
gelatinous mixture of nitroglycerin and soluble nitrocellulose in 
proportions varying between 1 to 2 and 2 to 1, prepared with 
the use of a solvent which was later removed and recovered. 
Nobel appears to have been led to the invention by thinking 
about Celluloid, for the patent specification states that the sub- 
stitution of almost all the camphor in celluloid by nitroglycerin 
yields a material which is suitable for use as a propellant. In the 
method of manufacture first proposed, camphor w’as dissolved in 
nitroglycerin, benzene was added, and then dry, pulped, soluble 
nitrocellulose; the mixture w^as kneaded, the benzene w^as allowed 

to evaporate, and the material was rolled between warm rollers 
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to make it completely homogeneous. It was rolled into thin sheets 
which were cut vsith a knife or scissors into the desired shape and 
size. The use of nitrostarch instead of part of the nitrocellulose, 
and the addition of pulverized chlorate or pi era to in various pro- 
portions, w'cre also mentioned in the patent. 




FhjORE 72. Paul Vieille (1B54-I934). Inventor of poudre Bt the fltat 
progreagive-buming amokele^ powder, 1SS4. Autlior of rewarehea 

on erosion. Secretary and Inter, as succeasor to Berthelot, President of 
the French Powder and EIxplosives CommUfjion. 

1889. Nobel soon discovered that the use of soluble nitro- 
cellulose made it possible to manufacture ballistite without using 
camphor or any other solvent. The nitroglycerin and soluble 
nitrocellulose were brought together under water. As soon as the 
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nitroglycerin had been absorbed by the nitrocellulose, the mass 
was heated to 80® to complete the gclatinization, and was then 
rolled and cut up in the usual way. In an alternative process the 
gelatinization was hastened by using more nitroglycerin than was 
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desired in tl»e powder, and the excess was removed by means of 
75^0 methyl alcohol by wliicli it was extracted while the nitro- 
cellulose was unaffected by that solvent. 

1889. Lundholm and Sayers devised a better process of in- 
corporating the materials. The nitroglycerin and the soluble nitro- 
cellulose were brought together under hot water and stirred by 
means of compressed air. The nitroglycerin presently gelatinized, 
or dissolved in, the nitrocellulose. The doughlike mass was re- 
moved, and passed between rollers heated to 50° or 60° whereby 
the water was pressed out. The sheet was folded over and passed 
through the rolls again, and the process \vas repeated until a 
unifonn colloid resulted. It was rolled to the desired thickness 
and cut into squares which were generally glazed with graphite 
and finally blended. 

1889. At about the time that Vieille was developing poudre B, 
the British government appointed a committee to investigate and 
report upon a smokeless powder for the use of tlie British service. 
Samples of ballistite and other smokeless powders were procured, 
the patent specifications relative to them were studied, and the 
decision w^as reached to use a powder which differed from Nobel’s 
ballistite in being made from insoluble nitrocellulose containing 
more nitrogen than the soluble material which he used. The gun- 
cotton and nitroglycerin were incorporated together by means of 
acetone, mineral jelly (vaseline) was added, the colloid was 
pressed through dies into the form of cords of circular or oval 
cross section, and the acetone w'as evaporated off. The product 
was called cordite. The experimental w^ork in connection with its 
development was done mostly in Abel’s laboratory, and mostly 
by Kellner who later succeeded Abel as War Department chemist. 
Patents in the names of Abel and Dewar, members of the com- 
mittee, were taken out on behalf of the government in 1889, and 
later in the same year the manufacture of cordite was commenced 
at the royal gunpowder factory at Waltham Abbey, 

The mineral jelly was added to cordite originally with the idea 
that it would lubricate the barrel of the gun, but it seems to have 
no such effect. Actually it is Consumed during tlie combustion. 
Because of it the powder gases contain a larger number of mols 

at a lower temperature, and prepuce, with less erosion, substan- 
tially the same ballistic effect as the same weight of powder made 
up without mineral jelly. The original cordite Mk. I. contained 
guncotton 37%, nitroglycerin 58%, and mineral jelly 5%. This 
produced such serious erosion of the guns in the British South 
African war that the composition was modified; the relative 
amount of nitroglycerin was reduced for the purpose of making 
it cooler. Cordite M. D. (modified) consists of guncotton 65%, 
nitroglycerin 30%, and mineral jelly 5%. 

Mineral jelly in cordite has a distinct stabilizing action. The 
material is kno\\*n to take up nitric oxide in tlie nitrometer and 
to cause a falsely low nitrogen analysis if it is present in the 
material which is being analyzed. 

Any distinction between cordite and ballistite which is based 
upon the methods by which the materials are manufactured is 
now no longer valid. Certain cordites are made without the use 
of a volatile solvent. Ballistites are made from soluble and from 
insoluble nitrocellulose, with and without the use of acetone, 



ethyl acetate, or other volatile solvent. Cordite is the name of 
the propellant w’hich is used by the British armed forces. Bal- 
listite, generally in flakes, sometimes in cords and in single- 
perforated tubes, is the preferred military powder of Italy, Ger- 
many, and the Scandinavian countries. 

1891. Charles E. M unroe commenced investigations of smoke- 
less powder at the Naval Torpedo Station, Newport, Rhode 
Island, about 1886, and about 1891 invented indurite. This was 
made from guncotton, freed from lower nitrates by washing with 
methyl alcohol, and colloided with nitrobenzene. The colloid was 
rolled to the desired thickness and cut into squares or strips 
which were hardened or indurated by the action of hot water or 
steam. Most of the nitrobenzene was distilled out by this treat- 
ment, and the colloid was left as a very hard and tough mass. 
Indurite was manufactured which gave satisfactory tests in guns 
ranging in caliber from the one-pounder to the six inch. 

1895-1897. After Munroe’s resignation from the Torpedo Sta- 
tion, Lieutenant John B. Bernadou, U. S. Navy, took up the 
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work on smokeless powder and in 1895 patented a powder con- 
sisting of a mixture of guncotton, collodion cotton, and potassium 
nitrate, colloided with acetone, and in 1897 an improved powder 
made from nitrocellulose alone colloided with ether-alcohol. The 
nitrocellulose first used contained approximately 12.45% nitro- 
gen, but this was later replaced by pyrocellulose, 12.60% nitrogen. 
The powder was made in multiperforated cylindrical grains, and 
was substantially the same as was used by the United States in 
the first World War. Patents covering various improvements in 
the manufacture of pyrocellulose powder were taken out in the 
names of Lieutenant Bernadou and Captain Converse, U. S. 
Navy, arid were licensed or sold to private interests, the United 
States government retaining the right to manufacture under 
these patents powder for its own use. 

1900-1907. About 1900 the Navy Department built the Naval 
Powder Factory at Indian Head, Maryland. The plant was 
capable of producing several thousand pounds of smokeless pow- 
der per day, and was enlarged during the course of a few years 
to a capacity of about 10,000 pounds daily. About 1907 the Ord- 
nance Department, U. S. Army, built at Picatinny Arsenal, 
Dover, New Jersey, a powder plant wdth a capacity of several 
thousand pounds per day. 

Classification of Colloided Nitrocellulose Powders 

American pyrocellulose powder and French poudre B are 
straight nitrocellulose or single-base powders. They are made by 
the use of a volatile solvent, generally ether-alcohol, which 
solvent is removed wholly or in large part during the process of 
manufacture. They are the simplest of colloided powders, the 
])yrocellulose powder being really the simpler of the two, for it is 
made from one single kind of nitrocellulose. Modified forms of 
these powders are made by incorporating into the colloid non- 
volatile solvents (i.e. solvents which remain in the finished pow- 
der) which may be either explosive or non-explosive or by dis- 
tributing throughout the colloid as a separate phase materials, 
either explosive or non-explosive, which affect the rate or the 
temperature of the burning or the strength of the powder. Aro- 
matic nitro compounds, such as DNT, TNX oil, etc., dissolve 
nitrocellulose or are dissolved by it, and thus constitute them- 
selves non-volatile solvents, but they are also explosives in their 
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own right, and a nitrocellulose powder which contains one of 
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them mighty it would seem, be designated with propriety as a 
doubie-base pouder. This, however, is not in accordance with 
prevailing usage. The name of double-base powder ia reserved 
for such powders as ballistite and cordite which contain nitro- 
cellulose and nitroglycerin (or perhaps some substitute for nitro- 
glycerin such as nitroglycol) , Double-base powders are made both 
with and without volatile solvent, and arc also capable of being 
modified in all of the ways in w^hich a single base powder may 
be modi bed. We have, therefore, colloidod powder of various 
kinds, as follow^s. 

I, Nitrocellulose powder without nitroglycerin 

fl, with volatile solvent, 

b. with non-explosive non-volatile solvent, 

c. with explosive non-volatile solvent, 

d. with non-explosive non-volatile non-solvent, 

e. with explosive non-volatile non-solvent, 

IL Nitrocellulose powder with nitroglycerin 

a, with volatile solvent, 

b, with non-explosive non-volatile solvent, 

c, with explosive non-volatile solvent, 

d, with non -explosive non-volatile non -solvent, 

e, with explosive non-volatile non-solvent- 

IIL Coated and laminated powders the grains of which are 
non-homogeneous combinations of the powders above classified. 

This classification is offered, not in any belief that it clarifies a 
matter which is otherwise difficult to understand, but because it 
directs attention to the various possibilities and displays their 
relationships to one another. Some of the possibilities correspond 
to pow^ders w'hich are or have been used in this country or in 
Europe, and which are sufficiently described for our present pur- 
pose if they are mentioned specifically. Others w'ill be discussed 
at greater length in the sections, below, w^hich are concerned with 
the absorption of moisture, with gelatinizing agents, and with 
fiashless charges and fiashless powder. All the possibilities are 
actually exploited, though not alw^ays separately. 

Cordite MD, it may be noted, ia a double base pow^der made 
with volatile solvent and containing a nnn-volatile, non-explosive 
non-solvent, namely mineral jell^^and is classified in class II ad, 

while a flashless ballistite of class II 6 c is made by incorporating 
centralite and DNX oil with nitroglycerin and nitrocellulose, and 
one of class II h e by mixing centralite and nitroguanidine with 
nitroglycerin and nitrocellulose. The nitroguanidine does not dis- 
solve in the colloid but is distributed through it in a state of fine 
subdivision. Ten or 15 parts of nitroguanidine incorporated with 
90 or 85 parts of pyrocelhilose colloidcd with ether-alcohol gives 
a mixture which may be extruded through dies and yields a 
powder (I a e] which is flashless. PETN is another substance, 
insoluble in nitrocellulose colloids, w'hich in the state of a fine 
powder may be incorporated in single-base or in double-base 
mixtures to yield powders (1 a e and II a e) which are hotter 
and more powerful than otherwise. 

Manufacture of Single-Base Powder 

The operations in the manufacture of smokeless powder from 
pyrocellulose, briefly, are as follows. 

1. Dehydrating. The pulped pyrocellulose contains about 25% 
moisture when it arrives at the smokeless powder plant. Most of 
this is squeezed out by pressing with a moderate pressure, say 
.250 pounds per square inch, for a few moments. The pressure is 



then released, alcohol in an amount at least equal to the dry 
weight of the pyrocellulose is forced into the mass by means of a 
pump, and the pressure is increased to about 3500 pounds per 
square inch. The process is managed in such fashion that the 
resulting cylindrical block consists of pyrocellulose moistened 
with exactly the amount of alcohol which is needed for the 
formation of the colloid. The requisite amount of ether is added 
later. The solvent consists altogether of 1 part by weight of 
alcohol and 2 parts of ether, 105 pounds of the mixed solvent for 
every 100 pounds of pyrocellulose if the colloid is to be made into 
0.30-caliber powder, 100 parts if into powder of which the web 
thickness is approximately 0.025 inch, and 85 parts for powder 
having a web thickness of 0.185 inch. The block is received in a 
cannister of vulcanized fiber and is covered over in order that 
loss of solvent by evaporation may be reduced to a minimum. 
From this point on, in fact, the material is kept and is moved 
from one operation to another in covered cannisters at all times 
except when it is being worked. 
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FiGUBfi 73. Bmokeless Powder Manufacture. (Courtesy E. I. du Font de 
Nemours and Company^ Inc.) Dehydrating Preaa. The nitrocellulose eomeai 
from the dehydrating press in the form of a cylindrical block, impregnated 
with alcohol, ready for the mixer where ether Js added and where it ia 
colloided. 

30t 

Figure 74 . Smokeless Powder Mnnufacture, (Courtesy E. I. du Pont de 
NemouiB and Company, Inc.) Smokeless Powder Mixer — open to show 
the crmnbly, partially colloided material. In use, the apparatus ia closed 
t^htly to prevent the loss of volatile solvent. 
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76. Smokeless Powder Manlifacture. (Coiirfe;^ E. T. du Pont dc 
Nemours and CompEitiy, Ine.) Finishing Press. The collohl is extruded 



FjourB 75. Smokeless Powder Manufacture. (Courte^ E. I* du Pont de 
Nemours and Company, Inc.) Blocking Press, 

'dO^ 



a. tube. For the formation of a multi perforated tubcj 7 such wires 
are accurately spaced within the die. A pressure of 2500 to 
3800 pounds per square inch is used. For small arms powder 
the head of the press may contain as many as 36 dies, for large- 

303 



2. Mijcing or incorporating. The compressed block from the 
dehydrating press is broken up by hand against the blades of the 
mixing machine. This is similar to the bread-mixing machines 
which are used in large commercial bakeries, and consists of a 
water-cooled steel box in ivhich two shafts carrying curved blades 
rotate in opposite directions and effectively knead the material. 
The ether is added rapidly and mixed in as fast as possible. 
Diphenyl a mine sufficient to constitute Q. 9-1,1 fo of the weight cf 
the finished powder is previously dissolved in the ether, and is 
thus distributed uniformly throughout the colloid. The incor- 
porated material has an appearance similar to that of a mass of 
brown sugar which has been churned; it is soft enough to be 
deformed bet'ween the fingers, and, when squeezed, welds together 
in the form of a him or colloid. 

3. Pressing. The loose and not yet completely colloided mate- 
rial is pressed into a compact cylindrical mass by means of a 
pressure of about 3500 pounds per square inch in the preliminary 
blocking press. The preliminary block is then placed in the 
macaroni press where it is pressed or strained through 1 12 -mesh 
steel plate, 2 sheets of 24-mesh and 1 sheet of 36-mesh steel wdre 
screen, and through the perforations in a hea%-y plate of brass 
from which it emerges in worm I ike pieces resembling macaroni. 
A pressure of 3000 to 3500 pounds per square inch is commonly 
used. The material drops directly into the cylinder of the final 
blocking press^ where it is squeezed into a compact cylindrical 
block of the right size to fit the graining press. A pressure of 
about 3500 pounds per square inch is maintained for 1 or 2 min- 
utes, and completes the colloiding of the pyrocellulose. The final 
block is dense, tough, elastic, light hrown or amber colored, and 
translucent. 

4. GrainiTig and cutting. The colloid is forced by an hydraulic 
press through dies by which it is formed into single-perforated or 
into multi perforated tubes. For the formation of a single-perfo- 
rated tube, the plastic mass is forced in the die into the space 
which surrounds a centrally fixed steel wire; it is then squeezed 
past the wire through a circular hole and emerges in the form of 
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in the form of a perforutcd ty Under which is later cut into pieces or 
grains, 

caliber powder^ such as that for the 16-inch gun, it usually con- 
tains only one. The cord or rope of powder as it comes from the 
press is passed over pulleys or through troughs to a rotary cutter 
where it is cut into short cylinders about 2.1 to 2.5 times as long 
as their diameters or it is coiled up in a fiber cannister in which 
it is taken to another room for cutting. In France the colloid is 
pressed through slots from which it emerges in the fomi of rib- 
bons which are cut into strips of a length con%'enient for loading 
into the gun for which the powder is intended. 

5. Solvent recovery. The green powder contains a large amount 
of ether and alcohol which presents a twofold problem: (1) the 
recovery of as much of the valuable volatile solvent as is eco- 
nomically feasible, and (2) the removal of the solvent to such an 
eictent that the finished powder will not be disposed either to give 
off or to take up much volatile matter or moisture under changing 
atmospheric conditions. For the recovery of the solvent, the pow- 
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der is put into a closed system and warm air at 55-65® is circu- 
lated through it ; the air takes up the alcohol and ether from the 
powder and deposits much of it again when it is passed through 
a condenser It is then heated and again passed through the 
powder. In some European plants the air, after refrigeration, is 
passed upward through an absorption tow-er dowm which c resol 
or other suitable liquid is trickling. This removes the ether which 
w’^as not condensed out by the cooling, and the ether is recovered 
from it by distillation. The whole process of solvent recovery 
requires careful control, for the colloid on drying tends to form 
a skin on its surface (the way a pot of glue does when drying) 
and the skin tends to prevent the escape of volatile matter from 
the interior of the powder grain, 

6. Water-drying. Powder is now most commonly dried by the 
rapid water- drying process W'hereby the formation of a skin upon 
its surface is prevented and certain other advantages are gained. 
Water at 65® is circulated throughout the powder. The winter 
causes the production of microscopic cracks and pores through 
wrhich the alcohol and ether escape more freely. These substances 
leave the powder to dissolve in the w'ater, and then the ether in 
particular evaporates out from the water. When the volatile 
solvent content of the powder ia sufficiently reduced, the powder 
grains are taken out and the water with which they are super- 
ficially covered is removed in a dry-house or in a continuous 
dryer at 55-65®, The finished pow-der contains 3.0 to 73% of 
volatile solvent in the interior of the grain, the amount depending 
upon the thickness of the web, and 0,9 to 1,4% of external 
moisture f mostly water actually resident in the cracks or pores 
of the surface. The amount of moisture which the powder thus 
holds upon its surface is an important factor in maintaining its 
ballistic stability under varying atmospheric conditions. The 
amount ought to be such that there is no great tendency for the 
moisture to evaporate off in dry weather, and such also that there 
is no great tendency for the powder to take up moisture in damp 
weather. The importance of surface moisture is so considerable 
that the French pow^der makers, long before there was any 
thought of using warm water to dry the powder, were accustomed 
to submit it to a trempage or tempering by immersion in water 
for several days. Later, periods of air- drying were alternated 

. ^ ^ ^ , 306 

with periods of trejnpoge in warm water at temperatures some- 



times as high as SO®. 

Powder for small arms is generally glazed with graphite, by 
whicli treatment its attitude toward the loss and absorption of 
moisture is improved, and by which also it is marie electrically 
conducting so that it can be blended without danger from static 




FreuKE 77. Smokele^pg Powder Blending Towpr. Thr powder is blended 
by being made to flow Uirougfi troughs utid bins, Lots as large as 50.000 
pounds of rifle powder und 125^000 pounds of cannon powder havo been 
blended in thia tower. 

electricity and loaded satisfactorily by a volumetric method. The 
powder is blended in order that large lots can be made up which 
will be ballistically uniform, and hence that the proof firing, the 
operations of loading, and the calculations of the artilleryman 
may all be either simplified in kind or reduced in amount. Powder 
in short cylindrical grains, such as is used in the United States, 
is particularly easy to blend, but the blending of strips, or of 
long tubes or cords, is obviously difficult or impracticable. The 
finished po'wder is stored and shipped in airtiglit boxes wffiich 
contain 110-150 pounds. 
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Figuhe 7S, Bemhart Troxler. (Greystone Stadia'?, Inc.) Introduced many 
innovations into the manufacture of smokelesa powder and improved the 
design of cqiupmeut in such tnanner aa to increase production while re- 
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ducing the hazard — the steam-air-dry process for double-base powder, 
methods of coating, apparatus for solvent recovery, water drying, and air 
drying of single-base powder without transferring the powder during the 
three operations. His whole professional life has been devoted to smoke- 
less powder, with the Laflin and Rand Powder Company until 1913, and 
afterwards with the Hercules Powder Company from the time when that 
company waa organized and built its first smokeless powder line. 

Stabilizers 

The spontaneous decomposition of nitrocellulose in the air pro- 
duces nitrous and nitric acids which promote a further decompo- 
sition. If these products however arc removed continuously, the 
uncatalyzcd decomposition is extremely slow, and smokeless pow- 
der may be stabilized by the addition to it of a substance which 
reacts with these acids and removes them, provided neither the 
substance itself nor the products of its reaction with the acids 
attacks the nitrocellulose. 

Vieille suggested the use of amyl alcohol as a stabilizer, and 
powder containing this material w^ used in France until 1911 

when, in consequence of the disastrous explosion of the battleship 
Jerui in 1907 and of the battleship Liberie in 1911, both ascribed 
to the spontaneous inflammation of the powder, and in conse- 
quence of the researches of Marqueyrol, its use was discontinued 
entirely. Indeed no powder containing amyl alcohol was manu- 
factured in France after October, 1910. Freshly manufactured 
poudre BAm smelled of amyl alcohol; the alcohol was converted 
by the products of the decomposition into the nitrous and nitric 
esters, and these soon broke dowm to produce red fumes anew and 
evil-smelling valerianic acid. The presence of the latter in the 
powder was easily detected, and was taken as evidence that the 
powder had become unstable. The Italians early used aniline as 
a stabilizer for their military ballistite. This forms nitro deriva- 
tives of aniline and of phenol, but it attacks nitrocellulose and 
is now no longer used. As early as 1909, diphenylamine was being 
used in the United States, in France, and in Germany, and, at 
the present time, it is the most widely used stabilizer in smoke- 
less powder. The centralites (see below) also have a stabilizing 
action in smokeless powder but are used primarily as non-volatile 
solvents and deterrent coatings. 

Calcium carbonate, either powdered limestone or precipitated 
chalk, is used as an anti-acid in dynamite where it serves as a 
satisfactory stabilizer. Urea is used in dynamite and in celluloid. 
It reacts with nitrous acid to produce nitrogen and carbon di- 
oxide, and is unsuitable for use in smokeless powder because the 
gas bubbles destroy the homogeneity of the colloid and affect the 
rate of burning. The small gas bubbles however commend it for 
use in celluloid, for they produce an appearance of whiteness and 
counteract the yellowing of age. 

In addition to the ability of certain substances to combine with 
the products of the decomposition of nitrocellulose, it is possible 
that the same or other substances may have a positive or a nega- 
tive catalytic effect and may hasten or retard the decomposition 
by their presence. But it has not yet been made clear what types 
of chemical substance hasten the decomposition or why they do 
so. Nitrogen dioxide hastens it. Pyridine hastens it, and a powder 
containing 2 or 3% of pyridine will inflame spontaneously if 
heated for half an hour at 110®. Powders containing tetryl are 
very unstable, while those containing 10% of trinitronaphthalene 
(which does not react with the products of decomposition) are as 
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stable as those containing 2% of diphenylamine (which does 
f react) . 



In a series of researches extending over a period of 15 years 
Mai'queyrol has determined the effect of various substances, 
particularly naphthalene, mononitronaphthalene, diphenylbenza- 
mide, carbazol, diphenylamine, and diphenylnitrosamine, upon the 
stability of smokeless powder at 110°, 75°, 60°, and 40°. Samples 
of poudre BF were made up containing different amounts of 
each stabilizer, and were subjected to dry heat in open vessels 
and in vessels closed with cork stoppers. Samples were removed 
from time to time and the nitrogen content of their nitrocellulose 
was determined. A sample of the powder was taken up in a 
solvent, and precipitated in a granular state; the precipitate was 
washed with cold chloroform until a fresh portion of chloroform 
was no longer colored by 18 hours contact with it, and was dried, 
and analyzed by the nitrometer. It was necessary to isolate the 
pure nitrocellulose and to separate it from the stabilizer, for the 
reason that otherwise the stabilizer would be nitrated in the 
nitrometer and a low result for nitrogen would be secured. A 
selected portion of Marqueyrol's results, from experiments car- 
ried out by heating in open vessels, are shown in the tables on 
F = fxisil, rifle. 



Days of heating at 40® . . 


0 


387 


843 


1174 


2991 


3945 


4016 


Analysis : 
















no stabilizer 


. 2013 




1993 


147S 








2% amyl alcohol 


. 2022 




198.7 


2003 


1993 




172.9 


8% » « 


. 201.4 




199.2 


2003 


198.9 




1983 


1% diphenylamine 


. 2013 




199.5 


201.0 


200.9 




201.0 


2% “ 


. 1993 




1983 


199.2 


199.4 




2003 


5% “ 


. 200.1 


2013 








197.6 




10% 


. 200.1 


199.0 


1983 










Days of heating at 60® . . . 


0 


146 


295 


347 


1059 


2267 


3935 


Analysis : 
















no stabilizer 


. 2013 


146^ 












2% amyl alcohol 


. 2023 


197.4 




147^ 








8% « “ 


. 201.4 


1973 




1983 


1593 






1% diphenylamine 


. 2013 


197.6 




200.0 








2% 


. 1993 


196.1 




1983 








5% 


. 200.1 




196.0 








185.7 


10% “ 


. 200.1 




1923 








173.0 



310 



Days of heating at 75® 


0 


86 


231 


312 


516 


652 


667 


Analysis ; 
















2% amyl alcohol 


203.1 


ioi4 












1% diphenylamine 


2013 


196.0 




19S.0 


190.9 






2% “ 


1993 


1W.7 




198.1 




192.1 




5% " 


200.1 




1923 








1863 


10% “ 


200.1 




1843 








175.9 


Days of heating at 75® 


0 


55 


146 


312 


419 


493 


749 


Analysis : 
















1% diphenylnitrosamine 


200.4 


197.9 


19S.4 


199.2 


1973 


1983 


1943 


2% 


200.0 


2013 


1983 


1983 


197.6 


1713 




10% 


201^ 


1953 


194.1 


193.0 . 


, 190.6 


1873 


1843 


Days of heating at 75® 


0 


60 


85 


lOS 


197 


377 


633 


Analysis: 
















2% amyl alcohol 


200.9 


198.9 


ms 










135% carbazol 


200.6 


199.4 




199.1 


ISSS 






10% “ 


2003 


198.7 




197.7 


1983 


193.0 


1903 


Days of heating at 75® 


0 


31 


50 


62 


87 


227 


556 


Analysis: 
















13% diphenylbenzamide 


2003 


1993 


1S6J 










10% 


2003 


198.1 






2003 







1JS% mononitrooaphtha- 
lene 202.4 1993 .... 
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10% mononitroDaphtha- 



lene 202.0 

1.5% naphthalene 202.3 

10% 2015 



198.1 .... mo 

2005 1945 

1995 199.1 2005 



pages 309-310, whelre the numbers representing analyses indicate 
the nitrogen contents as usually reported in France, namely, 
cubic centimeters of nitric oxide per gram of nitrocellulose. When 
the numbers are printed in italics, the samples which were taken 
for analysis were actively giving off red nitrous fumes. 

Diphenylnitrosamine, which is always present in powders made 
from diphenylamine, is decomposed at 110®, and that tempera- 
ture therefore is not a suitable one for a study of the stability 
of smokeless powder. At 75® diphenylnitrosamine attacks nitro- 
cellulose less rapidly than diphenylamine itself, but this is not 
true at lower temperatures (40® and 60°) at which there is no 
appreciable difference between the two substances. Carbazol at 

110® is an excellent stabilizer but at 60® and 75° is so poor as to 
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deserve no further consideration. Ten per cent of diphenylamine 
gives unstable smokeless powder. Powder containing 407© of 
diphenylamine inflames spontaneously when heated in an open 
vessel at 110® for an hour and a half. Diphenylamine attacks 
nitrocellulose, but it docs not attack it as rapidly as do the 
products themselves of the decomposition of nitrocellulose in air; 
and 1 or 2% of the substance, or even less, in smokeless powder 
is as good a stabilizer as has yet been found. 



Transformations of Diphenylamine During Aging of Powder 

Desmaroux, Marqucyrol and Muraour, and Marqueyrol and 
Loriette have studied the diphenylamine derivatives which give 
a dark color to old powder, and have concluded that they are 
produced by impurities in the ether which is used in the manu- 
facture or by the oxidizing action of the air during drying and 
storage. Their presence is not evidence that the powder has 
decomposed, but indicates that a certain amount of the diphenyl- 
amine has been consumed and that correspondingly less of it 
remains available for use as a stabilizer. 

The transformations of diphenylamine in consequence of its 
reaction with the products of the decomposition of nitrocellulose 
are indicated by the following formulas. None of these substances 
imparts any very deep color to the powder. 



NO, 




NH- 



o™<i> 

I 

O"<N0)<3 

\ 



-NO, NOr 



NO, 



NOr< ^^ ^ NH- ^ ^ NO, 
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The diphenylamine is converted first into diphenylnitrosamine 
which is as good a stabilizer as diphenylamine itself. Since both 
of these substances may be detected by simple tests upon an 
alcoholic extract of a sample of the powder, the fitness of the 
• powder for continued storage and use may be easily demon- 



strated. A strip of filter paper on which the alcoholic extract has 
been allowed to evaporate is colored blue by a drop of ammonium 
persulfate solution if unchanged diphenylamine is present. Like- 
wise the extract, if it contains diphenylamine, is colored blue by 
the addition of a few drops of a saturated aqueous solution of 
ammonium persulfate. Since the alcoholic extract is often colored, 
the test is best carried out by comparing the colors of two equal 
portions of the extract, one with and one without the addition of 
ammonium persulfate. Diphenylnitrosamine gives no color with 
ammonium persulfate. One- tenth of a milligram of diphenylni- 
trosamine imparts an intense blue color to a few cubic centi- 
meters of cold concentrated sulfuric acid. It gives no color with 
a cold Ifo alcoholic solution of a-naphthylamine, but an orange 
color if the solution is heated,” None of the other diphenylamine 
derivatives which occur in smokeless powder give these tests. 

Diphenylnitrosamine rearranges under the influence of mineral 
acids to form p-nitrosodiphenylamine. The latter substance is 
evidently formed in smokeless powder and is oxidized and nitrated 
by the products of the decomposition to form 2,4'- and 4,4'- 
dinitrodiphenylamine. Davis and Ashdown have isolated both 
of these substances from old powder, and have also prepared 
them by the nitration of diphenylnitrosamine in glacial acetic 
acid solution. Both substances on further nitration yield 2,4,4'- 
trinitrodiphenylamine, which represents the last stage in the 
nitration of diphenylamine by the products of the decomposition 
of smokeless powder. This material has been isolated from a 
sample of U. S. pyrocellulose powder which was kept at 65® in 
a glass-stoppered bottle for 240 days after the first appearance 
of red fumes. The several nitro derivatives of diphenylamine may 
be distinguished by color reactions with alcoholic solutions of 
ammonia, sodium hydroxide, and sodium cyanide, and some in- 
sight into the past history of the powder may be gained from 
tests on the alcohol extract with these reagents, but their pres- 
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ence is evidence of instability, and no powder in w'hich the 
diphenylnitrosamine is exiiausted is suitable for further storage 
and use. 

Absorption of Moisture 

Nitrocellulose itself is hygroscopic, but its tendency to take up 
moisture is modified greatly by otlier substances with which it is 
incorporated. Colloided with nitroglycerin in the absence of 
solvent, it yields a piwluct which shows no tendency to take up 
moisture from a damp atmosphere. Colloided with ether-alcohol, 
as in the case of the poudre B and the straight pyrocellulose 
powders which were used in the first World War, it yields a 
pow'der which is hygroscopic both because of the hygroscopicity 
of the nitrocellulose itself and because of the hygroscopicity of 
the alcohol and ether which it contains. In w’ater-dried powder 
the alcohol and ether of the surface layer have been largely 
removed or replaced with water, the hygroscopicity of the sur- 
face layer is reduced, and the interior of the grain is prevented 
to a considerable extent from attracting to itself the moisture 
which it would otherwise attract. In certain coated and progres- 
sive burning powders, the surface layers are made up of material 
of greatly reduced hygroscopicity and the interiors are rendered 
inaccessible to atmospheric influences. 

The tendency of straight nitrocellulose powder to take up 
moisture and the effect of the absorbed moisture in reducing the 
ballistic power of the powder are shown by the table below. » 
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0 


24 


48 


72 


96 


356 


3.55 


3.71 


354 


353 


1.02 


1.15 


1.40 


1.47 


157 


254 


2.40 


251 


257 


255 


1706.6 


1609.0 


1685.4 


16S0.4 


1669.0 


31,100 


31,236 


30,671 


29,636 


28,935 



^Period of exposure, hrs 

Total volatiles, % 3^ 

External moisture, % 1.02 

Residual solvent, % 254 

Velocity, ft. per sec, 1706.6 

Pressure, lb. per sq. in 31 100 

A sample of wat6r-dried powder was exposed to an atmosphere 
practically saturated with water vapor. Portions were removed 
each day; one part was fired in tlie gun, and another part was 
analyzed for total volatile matter (TV) and for volatile matter 
driven off by an hour's heating^at^lOO® {extenuil moisture, EM). 

The amount of total volatile matter increased regularly during 
the period of exposure, as did also the aniount of volatile matter 
resident at or near the surface of the powder grains. The amount 
of volatile matter in the*"interior of the powder grains {residtial 
solvent, RS) did not alter materially during the experiment. 

Total Volatiles in powder is determined by dissolving the 
sample in a solvent, precipitating in a porous and granular con- 
dition, evaporating off the volatile matter^ and drying the residue 
to constant weight. External moisture is the amount of volatile 



matter which is driven off by some convenient method of desic- 
cation. The difference between the two is residual solvent, TV — 
EM = RS, and is supposed to correspond to volatile matter resi- 
dent within the interior of the grain and not accessible to desic- 
cating influences. Various methods of determining external 
moisture have been in use among the nations which use straight 
nitrocellulose powder and in the same nation among the manu- 
facturers who produce it. At the time of the first World War, for 
example, external moisture was determined in Russia by heating 
the sample at 1(X)® for 6 hours, in France by heating at 60® for 
4 hours, and in the United States by heating at 60® in a vacuum 
for 6 hours. These several methods, naturally, all give different 
results for external moisture and consequently different results 
for residual solvent. 



There appears really to be no method by which true external 
moisture may be determined, that is, no method by which only 
the surface moisture is removed in such fashion that the residual 
solvent in the powder is found to be the same both before and 
after the powder has been allowed to take up moisture. Samples 
of powder were taken and residual solvent was determined by 
the several methods indicated in the next table. The samples 
were exposed 2 weeks to an atmosphere practically saturated with 
water vapor, and residual solvent was again determined as 
before. The surprising result was secured in every case, as indi- 
cated, that the amount of residual solvent was less after the 
powder had been exposed to the moist atmosphere than it was 
before it had been exposed. Yet the powder had taken up large 
quantities of moisture during the exposure. It is clear that the 
exposure to the moist atmospliere had made the volatile matter 
of the interior of the grains more accessible to desiccating infiu- 
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ences. Evidently the moisture had opened up the interior of the 
grains, presumably by precipitating the nitrocellulose and pro- 
ducing minute cracks and pores in the colloid. Verification of 
this explanation is found in the effect of alcohol on colloided 
pyrocellulose powder. The powder took up alcohol from an atmos- 
phere saturated with alcohol vapor, but alcohol does not pre- 
cipitate the colloid, it produces no cracks or pores, and in every 
case residual solvent was found to be greater after the powder 
had been exposed to alcohol vapor than it had been before such 
exposure. The following table shows data for typical samples of 



powder before and after exposures of 2 weeks to atmospheres 
saturated respectively with water and with alcohol. 



Method of Determining 
External Moisture and 
Residual Solvent 


Exposure to Water 
Residual solvent 


Exposure to Alcohol 
Residual solvent 


Be- 

fore 


After 


Differ- 

ence 


Be- 

fore 


After 


Differ^ 

enoe 


1 hr. at 100® in open oven. . 


3.12 


2.82 


-0.30 


2.41 


4.57 


+2.16 


6 hrs. at 100® in open oven. . 


2.81 


2.36 


-0.45 


2.22 


3.92 


+1.70 


6 hrs. at 55® in vacuum. .... 
55® to constant weight in 


2.91 


2.64 


-0.37 


2.27 


4.10 


+1.83 


open oven 

Over sulfuric acid to Con- 


3.00 


2.72 


-0.28 


2.58 


4.25 


+1.67 


stant weight 


2.95 


2.39 


-0.56 


2.32 


4.10 


+1.78 



Samples of pyrocellulose powder, varying in size from 0.30 
caliber single-perforated to large multiperforated grains for the 
10-inch gun, were exposed to a moist atmosphere until they no 
longer gained any weight. They were then desiccated by the 
rather vigorous method of heating for 6 hours at 100®. All the 
samples lost more weight than they had gained. As the exposures 
to moisture and subsequent desiccations were repeated, the dif- 
ferences between the weights gained by taking up moisture and 
the weights lost by drying became less and less until finally the 
powders on desiccation lost, within the precision of the experi- 
ments, exactly the amounts of volatile matter which they had 
taken up. At this point it was judged that all residual solvent had 
u j . 316 

been dnven out of the powder and that further treatment would 
produce no additional cracks and pores in the grains. The gain 
or loss (either one, for the two were equal) calculated as per cent 
of the weight of the desiccated sample gave the apparent hygro- 
scopicities listed below. Since all the powders were made from the 

Causes App.arext Hyqroscopicitt, % 



0-30 300 

75 mm. 2.75 

4.7 inches 2.42 

6 inches 2.41 

10 inches 2.11 



same material, namely, straight pyrocellulose, the differences in 
the apparent hygroscopicity are presumed to be caused by the 
drjnng treatment not being vigorous enough to drive out all the 
moisture from the interior of the grains of greater web thickness. 
The drying, however, was so vigorous that the powders became 
i^table after a few more repetitions of it. The losses on desicca- 
tion became greater because of decomposition, and the gains on 
exposure to moisture became greater because of the hygroscopic- 
ity of the decomposition products. 

Although hygroscopicity determined in this way is apparent 
and not absolute, it supplies nevertheless an important means of 
estiinating the effects both of process of manufacture and of com- 
position upon the attitude of the powder toward moisture. Thus, 
samples of pyrocellulose powder for the 4.7-inch gun, all of them 
being from the same batch and pressed through the same die, one 
air-dned, one water-dried, one dried under benzene at 60°, and 
one under ligroin at 60®, showed apparent hygroscopicities of 
2.69%, 2.64%, 2.54%, and 2.61%, which are the same within the 
experimental error, Milky grains ” of 75-mm. powder showed an 




POOR MAN'S JAMES BOND Vol . 2 



431 



CHEMISTRY OF EXPLOSIVES 



apparent hygroscopic ity of 2.79 compared with 2.75% for the 
normal amber-colored grains. The experiment with this po\vder 
was continued until considerable decomposition was evident; the 
successive gains and losses were as foilo^vs, calculated as per cent 
of the original weight of the sample. 

'■Graina which had & milky appearance because of the precipitAtion of 
the colloid during the water-dry treatment. Tldfi rcindt follows if the grains 
contain more than t or 7.5% of ether-alcohol when they are submitted to 



vater-drying. 
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GAiy, % 


Loss, % 


2315 


3.030 


2.439 


2.623 


2359 


2337 


2379 


2319 


2.179 


2A77 


2.44S 


2A54 


2325 


2,630 


23S6 


3.022 



Experiments with 75 -mm. powders, made from pyrocellulose 
with the use of ether-alcohol and with various other substances 
incorporated in the colloids, ga%''e the following results for hygro- 
scopicity. Hydrocellulose does not dissolve in the nitrocellulose 



Pyrocellulose with 

&% hydrocellulose 2.79^. 

10% crystalline D\*X 2.09% 

10% DNX oil 

10% crystalline DNT 

15% " - . - - 141% 

20 % “ 123 % 

25% “ " 1.067o 



colloid, and does not affect its hygroscopicity. The aromatic nitro 
compounds dissolvej and they have a marked effect in reducing 
the absorption of moisture. They are explosive non-volatile sol- 
vents and contribute to the energy of the powder. 

Other non-volatile solvents which are not explosive are dis- 
cussed below in the section on gelatinising agents. These tend to 
reduce the potential of the pow'der, but their action in this respect 
is counteracted in practice by using guncotton in place of part or 
all the nitrocellulose. The guncotton is colloided by the gelat- 
inizing agent, either in the presence or in the absence of a vola- 
tile solvent, and the resulting powder is non-hygroscopic and as 
strong or stronger than straight pyroceilutose powder. 



Control of Hate of Burning 

Cordite is degressive burning, for its burning surface decreases 
as the burning advances. Pow^der in strips, in flakes, and in single- 
perforated tubes has a burning surface which is very nearly con- 
stant if the size" of the strips or flakes, or the length of the tubes, 
is large relative to their thickness. Multi perforated grains are 

progreitsive burning, for their burning surface actually increases 
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nitroglycerin and 507^ soluble nitrocellulose, made without vola- 
tile solvent, and sandwiched between two thin strips of powder 
made, without volatile solvent, from 50% soluble nitrocellulose 
and 50% crystalline dinitrotoluene. The two compositions were 
rolled to the desired thicknesses separately between warm rolls, 
as the burning advances, and, other tilings in tlic gun being equal, 
they produce gas at a rate which accelerates more rujiidly and, 
in consequence, gives a greater velocity to the pnqectilc. 

A progressive burning strip ballistitc was used to some extent 
by the French in major culilicr guns during the World War. 
It consisted of a central thick strip or slab of ballistitc, 50% 




FtauRE 79. ProffresBivc Burning: Colloided Smokde.^3 Powder. 12-rnch 
powder at diffprent stages of its burning. A gruin of 12-jncli powder, sueh 
M appeara at the left, was loaded into a 75-mm, gim along with the usual 
charge of 75-mm. powder {of the same form aa tlie 12-meh grain but of 
less web thickness). When the gun waa fired, a layer of eolloid having a 
thickness equal to one-half the web of the 75*mm. powder was burned off 
from every grain in the gim. This consumed tiie 75-mm. powtter com- 
pletely. The 12-Lnrh grain wag e.ttinguished when thrown from the muzzle 
of the gun; it was picked up from the ground— and ia the second grain 
In the above picture. The next grain was shot twice from a 75-mm, gun, 
the lost grain throe times. After three shoot ing.s^ the perforations are so 
lai^e that a fourth shooting would cause them to mcjct one anothei", and 
I he grain to fall apart, leaving slivers. 

and were then combined into the laniinatetl product by pressing 
between warm rolls. The outer layers burned relatively slowly 
with a temperature of about 1500* ; the inner slab burned rapidly 
with a temperature of about 3000*, 
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Progressive burning coated powders, usually flakes ov single- 
perforated short cylinders, are made by treating tlic grains witfi 
a gelatinizing agent, or non-%'olatilc, non-cxploai%''e solvent for 
nitrocellulose, dissolved in a volatile liquid, generally benzene or 
acetone, tumbling them together in a sweetie barrel or similar 
device, and evaporating off the volatile liquid by warming while 
the tumbling is continued. The material which is applied as a 
coating ia known in this country as a deterrentj in England as a 




Figure SO. Cross Section and Longitudinal Section of a Crain pf AO 
Caliber Extruded Sluokclcjis Powder, Deterrent Coated (25XL {Courle^^y 
WcEftcm Cartridge Cumpany.) 

moderant. At the time of the first World War .pi/ dimethyl di- 
phcnylurea was already used widely as a deterrent in rifle powder 
intended for use in shooting matches and in military propellants 
designed to produce especially high velocities. The substance was 
called centralite because its use had been developed in Germany 
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at the Central War Laboratory at Spandau, The etliyl analog, 
diethyldiphcnylurca, at first known as ethyl centralite, is usually 
called Centralite No. 1 and has generally superseded the methyl 
compound (or Centralite No. 2) for use in smokeless powder. 
Although many other substances have been tried and have been 
patented, this remains the most widely used of any. Butyl cen- 
tralite is a better gelatinizing agent for nitrocellulose than either 

320 

the methyl or the ethyl compound, and is likely to find more 
extensive use in the future. 

Gelatinizing Agents 

Gelatinizing agents, of which the centralites are examples, are 
often incorporated in colloided straight nitrocellulose and double- 
base powders where they cause the materials to burn more slowly, 
where they serve as flash reducing agents, and where they reduce 
the tendency of the powders to take up moisture. They reduce 
the amount of volatile solvent which is needed in the manufac- 
ture of nitrocellulose powders, and facilitate the manufacture of 
double-base powders without any volatile solvent at ail. The 
centralites happen also to be effective stabilizers, but this is hot 
a general property of gelatinizing agents. 

Marqueyrol and Florentin have published a list of patents 
for gelatinizing agents, esters, amides, urea derivatives, halogen 
compounds, ketones, and alcohols, and have reported their study 
of many of them with respect to their effectiveness on the CPi 
and CPo, insoluble and soluble nitrocellulose respectively, which 
were standard in the French service. To a weighed quantity of 
the dry nitrocellulose a dilute solution of the gelatinizing agent 
in 95% alcohol was added in portions of 1 cc. at a time, the alco- 
hol was then evaporated at a temperature of 35-40®, more of the 
alcohol solution was added, and the evaporation was repeated 
until gelatinization was complete. The results with the best gelat- 
inizing agents are shown in the table below, where the numbers 

CPi (Insoluble) CPa (Soluble) 



Ethyl sebacate 


320 


65 


DimethyJphenyl-o-toIvlurea 


260 


65 


Dimethyldiphenylurea 




80 


Ethyl succinate 


400 


90 


Ethyl phthalate 


360 


95 



represent the amounts by weight of the several substances which 
were needed for the complete gelatinization of 1(X) parts of the 
nitrocellulose. Ninety parts of ethyl citrate or of benzyl benzoate 
almost completely gelatinized 100 parts of CP 2 , 90 of ethyl malo- 
nate incompletely, 90 of ethyl oxalate or of ethyl stearate more 

incompletely, and 90 of ethyl acetoacctate or of ethyl ricinoleate 
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but very little. Four hundred parts of triphenyl phosphate almost 
completely gelatinized 100 parts of CPi, and 400 of ethyl malo- 
nate or of ethyl oxalate produced only incomplete gelatinization. 

Marqueyrol and Florentin point out that the lower members 
of the series of esters, the acetates, butyrates, valerates, etc., are 
good solvents for nitrocellulose — ethyl and amyl acetate have 
long been used for the purpose — but the higher members, the 
stearates and oleates, gelatinize nitrocellulose but very little. To 
the esters of the dibasic acids the opposite rule appears to apply; 
the higher members are better than the lower. Acetone is a well- 
known solvent both for soluble and for “insoluble” nitrocellulose, 
but acetophenone gelatinizes even soluble nitrocellulose only 
feebly. 

Experiments by the present writer with a variety of other 



gelatinizing agents have shown that the amounts necessary to 
produce complete gelatinization of pyrocellulose are different if 
different solvents are used for applying them. In general they are 
more effective in benzene than in alcohol, and more in alcohol 
than in ligroin. Half-gram samples of dry pyrocellulose were 
treated in 30-cc. beakers with known quantities of the gelatiniz- 
ing agents dissolved in convenient volumes (15-30 cc.) of alcohol, 
benzene, or ligroin. The volatile liquids "were evaporated off 
slowly at 60®, the residues were warmed at 60® for 10 minutes 
longer (during which time a considerable improvement in the 
gelatinization was generally observed), and were then examined 
to determine their condition. If complete gelatinization had not 
occurred, other experiments were carried out with fresh samples. 
The results, summarized in the table on page 322, are accurate 
to the nearest 10%. They support several conclusions. Sym- 
dialkyl ureas are excellent gelatinizing agents for nitrocellulose, 
and the property remains if additional aliphatic or aromatic 
groups are introduced into the molecule. The heavier the alkyl 
groups, the greater appears to be the gelatinizing power. Of the 
aromatic substituted ureas, those in which there are less than 
three aromatic groups appear to be without action. Among the 
alkyl esters of sebacic and phthalic acids, those which contain 
the heavier alkyl groups are generally the better gelatinizing 
agents. The alkyl esters of aliphatic and of aromatic substituted 
T> 322 

P.4RT8 BT Weight Necessary fob the Complete Gel.4tinizatio.n op 
100 Parts op Pyro<'kllulosk 



In In In 

Alcohol Benzene Ligroin 



Methylurea 




100 parts 


Ethyleneurea 




100 parts 


3ym-dimethylurea 


60 


70 




iSym-diethylurea 


50 


50 




f/wj/m-di methylurea 




100 parts 


Tetrumethylurea 


80 






Benzyl urea 


No action with 


100 parts 


phenyl urea 


No action with 


100 parts 


^S^m-di-p-tolylurea 




100 parts 


tZ/w^w-diphenylurea 




100 parts 


Triphenylurea 




35 




a,a-diphenyl-p-toiylurea 




40 




Tetraphenylurea 




30 






with 160 parts 




Ethyl triphenylurea 


80 






5pm-dimethyldiphenylurea 


70 


25 




/Sym-diethyldiphenylurea 


70 


30 




(Spm-di-n-butyldiphenylurea 


60 


20 




U n«vm-dimethyldiphenylurea 


60 






Carbamic add ethyl ester 


140 


80 




Methylcarbamic acid ethyl ester 




60 




Ethylcarbamio acid ethyl eater 


90 


60 




Phenylcarbamic acid ethyl ester 


20 


90 




Phenylcarbamic acid phenvl ester . . . 




with 


200 parts 


Phenylcarbamic acid benzyl ester ..... 




with 


100 parts 


Diphenylcarbamic add phenyl ester . . . . 


80 


70 




Methyl sebacate 


80 


70 


105 


Ethyl sebacate 


80 


50 


90 


Iso-amyl sebacate 


70 


95 


90 


Methyl phthalate 


95 


70 


115 


Ethyl phthaiute 


95 


50 


100 


Iso-amyl phthalate 


96 


50 


80 


DNX oil 


120 


130 


330 


Trinitrotoluene 




300 





carbamic acids are excellent gelatinizing agents, but the aromatic 
esters appear to be without action unless tlie total number of 
aromatic groups is equal to three. 
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Flashless Charges and Flashlcss Powder 

The discharge of a machine gun shooting ordinary charges of 
smokeless powder produces bright flashes from the muzzle wliich 
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at night disclose the position of the gun to the enemy. When a 
large gun is fired, tlicrc is a large and dazzlingly bright muzzle 
flash, from a 12-inch gun for example a white-hot flame 150 feet 
or more in length. The light from such a flame reflects from the 
heavens at night and is visible for a distance of as much as 30 
miles, much farther tlian the sound from the gun may be heard. 
The enemy by the use of appropriate light-ranging apparatus 
may determine the position of the flash, and may undertake to 
bombard and destroy the battery from a great distance. 

Smokeless powder, burning in the chamber of the gun it the 
e.\pense of its own combined oxygen, produces gas which con- 
tains hydrogen, carbon monoxide, carbon dioxide, etc., and this 
gas, being both hot and combustible, takes fire when it emerges 
from the muzzle and comes into contact with the fresh oxygen 
supply of the outer air. One part of the brilliancy of the flash is 
the result of the emergent gas being already preheated, often to 
a temperature at which it would be visible anyway, generally to a 
point far above the temperature of its inflammation in air. In 
thinking about this latter temperature, it is necessary to take 
account of the fact that, other things being equal, a small cloud 
of gas from a small gun loses its temperature more quickly and 
becomes completely mixed with the air more rapidly than a large 
cloud of gas from a large gun. The gas emerging from a small 
gun would need to be hotter in the first place if it is to inflame 
than gas of the same composition emerging from a large gun. It 
is for this reason perhaps that it is easier to secure fiashless dis- 
charges with guns of small caliber (not over 6 inch) than with 
those of major caliber. 

There are four ways, distinguishably different in principle, by 
which flashlessness has been secured, namely, 

(1) by the addition to the charge of certain salts, particularly 
potassium chloride or potassium hydrogen tartarate, or by the 
use of powdered tin or of some other substance which, dispersed 
throughout the gas from the powder, acts as an anti-oxidant and 
prevents its inflammation; 

(2) by incorporating carbonaceous material in the smokeless 
powder, by which means the composition of the gas is altered and 
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the number of mols of gas is actually increased while the tem- 
perature is lowered; 

(3) by incorporating in the powder a cool explosive^ such as 
ammonium nitrate, guanidine nitrate, or nitroguanidine, which 
explodes or burns with the production of gas notably cooler than 
the gas from the combustion of ordinary smokeless powder; and 

(4) by contriving the ignition of the powder, the acceleration 
of its burning rate, and the design of the gun itself, any or all 
these factors, in such fashion that the projectile takes up energy 
from the powder gas more quickly and more effectively than is 
ordinarily the case, and thereby lowers the temperature of the 
gas to a point where the flash is extinguished. 

The first of these methods is applicable to all calibers; the second 
and the third are successful only w’ith calibers of less than 6 
inches; the fourth has not yet been sufficiently studied and 
exploited. It is true, how'ever, that an improved igniter, with the 
same gun and with the same powder, may determine the differ- 
ence between a flash and a flashless discharge. 



The use of salts to produce flashlessness appears to derive from 
an early observation of Dautriche that a small amount of black 
powder, added to the smokeless powder charge of small-arms 
ammunition, makes the discharge flashless. During the first World 
War the French regularly loaded a part of their machine gun 
ammunition with a propellant consisting of 9 parts of smokeless 
powder and 1 of black powder. 

The Germans in their cannon used anti- flash bags or Vorlage, 
loaded at the base of the projectiles, between the projectiles and 
the propelling charges. These consisted of two perforated discs of 
artificial silk or cotton cloth sewed together in the form of 
doughnut-shaped bags. The bags were filled with coarsely pul- 
verized potassium chloride. The artillerymen were not informed 
of the nature of the contents of the bags but were advised against 
using any whose contents had hardened to a solid cake, and were 
instructed in their tactical use as follows. 

In firing with Vorlage, there is produced a red fire [a red 
glow] at the muzzle and in front of the piece. The smoke is 
colored red (by the glow]. This light however gives no re- 
flection in the heavens. In fact it is visible and appreciable 
at a distance only if the piece is placed in such a way that 
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the enemy can see its muzzle. In the daytime, I orlage must 
he used only when the weather is so dark that the flashes of 
the shots without them are more visible than the clouds of 
smoke which they produce. The opaqueness of the back- 
ground against which the battery stands out or the obscurity 
of the setting which surrounds it are also at times of a kind 
to justify the use of Vorlage in the daytime. 

The anti-flash bags reduced the range by 4.5 to 8%. 

Fauveau and Le Paire studied the anti-flash effect of potas- 
sium chloride and of other salts and concluded that the lowering 
of the temperature of the gas which undoubtedly results from 
their volatiliz' tion and dissociation is insufficient to account for 
the extinction of the flash. Prettre found that the chlorides of 
sodium and of lithium, and other alkali metal salts which are 
volatile, had the same effect as potassium chloride. He found 
that small amounts of potassium chloride, volatilized in mixtures 
of carbon monoxide and air, had a powerful anti -oxidant action 
and a correspondingly large effect in raising the temperature of 
inflammation of the gas. Some of his results are shown in the 
table below. He found that potassium chloride was without effect 



Millicrams op KCI 
PER Liter 


Temperature 


(®C.) of iNPLAMM.mON OF .\lR 


OP Gaseous 
Mixture 


2iJ6% CO 


CONTAININO* 

44.1% CO 


673% CO 


0.0 


056 


657 


680 


0.4 




750 


800 


05 


730 




820 


0.7 




810 


900 


1.0 


790 


850 


1020 


\2 


810 






2,0 


890 


950 




25 




1000 




3.0 


970 






35 


1010 







upon the temperature of inflammation of mixtures of hydrogen 
and air. 

The French have used anti-flash bags {sachets antilueurs) 
filled with the crude potassium hydrogen tartarate (about 70% 
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pure) or argols which is a by-product of the wdne industry. The 
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flat, circular, cuttun bags cuntaining the argols were assembled 
along with the smokeless powder and black powder igniter in silk 
cartridge bags to make up the complete charge. Since the anti- 
flash material tended to reduce the ballistic effect of the charge, 
it was necessary when firing flash less rounds to add an appoint 
or additional quantity of smokeless powder. Thus, for ordinary 
firing of the 155-mm. gun, the charge consisted of 10 kilograms 
of poudre BM7 along with an igniter system containing a total of 
115 grams of black powder For a fi as bless round, 3 sachets con- 
taining 500 grams of argob each were used and an additional 
305 grams of smokeless powder to restore the ballistics to normal. 

Another method of securing fiashlcssness was by the use of 
pellets ( pa tiles) of a compressed intimate mixture of 4 parts of 
potassium nitrate and 1 part of crystalline DNT. Pellets for use 
in the 155 -mm. gun w^eighed 1 gram each, and were about 2 mm. 
thick and 15 mm. in diameter. Two or three hundred of these 
were sewed up in a silk bag which w^as loaded into the gun along 
with the bag containing the powder. The pellets burned with the 
same velocity as poudre and had but very little effect upon 
the ballistics. They of course produced a certain amount of smoke 
and the discharge gave a red glow from the muzzle of the gum 

Oxanilide functions w^ell as an anti-flash agent if it is dis- 
tributed throughout the pow^der charge, but not if it is loaded 
into the gun in separate bags like the materials which have just 
been mentioned. It is made into a thick paste with glue solution, 
the paste is extruded in the form of little worms or pellets, and 
these are dried. Pellets to the amount of 15% of the powder 
charge produce flash lessness in the 6-inch gun, but the charge is 
more difficult to light than ordinarily and requires a special 
igniter. 

Oxanilide and many other carbonaceous materials, incorpo- 
rated in the grains of colloided powder, yield powders which are 
flasldcss in guns of the smaller calibers and, in many cases, are 
as powerful, weight for 'weight, as pow^ders w'hich contain none of 
the inert, or at least non- explosive, ingredients. If nitrocellulose 
burning in the gun produces 1 mol of carbon dioxide and a cer- 
tain amount of other gaseous products, then nitrocellulose plus 

1 mol of carbon under the same conditions will produce 2 mob of 
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carbon monoxide along with substantially tiie same amount of the 
other gaseous products. There will be more gas and cooler gas. 

A colloided powder made from pyroccllulosc 85 parts and hydro- 
cellulose 15 parts is flashless in the 75-mm. gun, and gives prac- 
tically the same ballistic results as a Imtter and more expensive 
pow'der made from straight nitrocellulose. The strength of the 
powder may be increased without affecting its flaslilessness by 
substituting part of the pyrocellulose by guncotton of a higher 
nitrogen content. 

Among the materials which have been incorporated into eol- 
loided powder for the purpose of reducing or extinguishing the 
flash are (1) substances, such as starch, hydroccllulose, and 
anthracene, which are insoluble in the colloid and are non- 
explosive* They, of course, must exist in a state of fine subdivi- 
sion to be suitable for this use. Other anti-flash agents are 
12) solid or liquid non- explosive substances, such as diethyldi- 
phenylurea and dibutyl phthalate, which are solvents for nitro- 
cellulose and dissolve in the colloid. They reduce the hygro- 
acopicity of the powder and they reduce the amount of volatile 
solvent which is needed for the manufacture. Still others are 
(3) the explosive solid and liquid aromatic nitro compounds 



which are solvents for nitrocellulose and are effective in reducing 
both the flash and the hygroscopicity. All or any of the sub- 
stancea in these three classes may be used either in a straight 
nitrocellulose or in a nitrocellulose-nitroglycerin powder. Several 
flashless powders have been described in the section on the *'CIas- 
sification of Smokeless Powders.?' Many varieties have been 
covered by numerous patents* We cite only a single example, 
for a smokeless, flashless, non-hygroacopic propellent powder 
made from about 76-79% nitrocellulose (of at least 13% nitrogen 
content), about 21-24% dinitrotoluene, and about 0.8-l-2% di- 
phenyl amine. During the first World War the French and the 
Italians used a superattenuated ballbtite, made without volatile 
solvent, and containing enough aromatic dinitro compound (in 
place of part of the nitroglycerin) to make it flashless. In a 
typical case the powder was made from 30 parts CPi, 30 CP 2 , 
15 DNT, and 25 nitroglycerin, 
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Ball-Grain Powder 

The process for the manufacture of ball-grain powder wdiich 
Olsen and his co-workers have devised combines nicely with 
0 ben's process for the quick stabilization of nitrocellulose to form 
a sequence of operations by which a finished powder may be 
produced more rapidly and more safely than by the usual process* 
It supplies a convenient means of making up a powder which 
contains non-volatile solvents throughout the mass of the grains 
or deterrent or accelerant coatings upon their surface. 



Fecurb si. Ball Craina (Smokeless Powder) (3X)- (Courtesy Western 
Cariritlac Coiupany.) 

Nitrocellulose, pulped and given a preliminary or sour boiling, 
may be used directly williout poaching. Deteriorated smokeless 
powder, containing nitro derivatives of diphenyl amine and acidic 
decomposition products, may be reduced to a coarse powder under 
water in a hammer mill, and may then be used* Whichever is 
used, the first necessity is tE) stabilize it by cn*nplete retnoval of 
the acid. For this purpose, the material in the presence of w^ater 
(w^hich may contain a little chalk in suspension or urea in solu- 
tion) is introduced into a still where it is dissolvcE] with agitation 
in ethyl acetate to form a heavy syrup or lacquer, and is treated 
with some substance which is adsorbed by nitrocellulose more 
readily than acid is adsorbed* It is a curious fact that nitrocellu- 
lose is dissolved or dispersed by ethyl acetate much more readily 
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in the presence of water than when water is absent. Diphenyl- 
amine is dissolved in the ethyl acetate before the latter is added 
to the water and nitrocellulose in the still. At the same time, 
centralite or DNT or any other substance which it may be desired 
to incorporate in the powder is also dissolved and added. The 
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water phase and the lacquer are tl\on stirred for 30 minutes by 
which operation the nitrocellulose is stabilized.-^ Starch or gum 
arable solution to secure the requisite colloidal behavior is then 
introduced int(^ the still, the still is closed, the temperature is 
raised so that the lacquer becomes less viscous, and the mixture 




rtGURE 82. Cross Section of Ball Grain, Donble Base. Deteireot Coated 
U12Xh (Courtesy Western Cartridge Company.! 

under pressure is agitated vigorously until the lacquer is broken 
up into small globules of the correct size. The pressure is then 
reduced, and the ethyl acetate is distilled off and recovered. If 
the distillation is carried out too rapidly, the grains are shaped 
like kernels of popcorn. If it is carried out at such a rate that the 
volatile solvent is evaporated from the surface of the globules no 
faster than it moves from the interior to the surface, if the dis- 
tillation is slow at first and more rapid afterwards, then smooth 
ball grains are formed, dense and of homogeneous structure. 

Diphenylamine in the presence of water thus haa an action beyond 
that which It haa when it Id added to the nitrocellulose gel (In the absence 
of a separate water phase) during the maoufacture of smokeless powder 
by the usual process. Being preferentially adsorbed by the nitroeelJulose, it 
drives any acid whidi may be present out of the nitrocellulose and into 
the water. After that it fulfils its usual function in the powder. 
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After the material has cooled, the powder grama are transferred 

in a slurry to another still and are treated with an emulsion of 
nitroglycerin dissolved in toluene, or of some other coating agent 
dissolved in a solvent in which nitrocellulose itself is insoluble, 
and the volatile solvent is distilled off, leaving the nitroglycerin 
or other material deposited on the surface of the grains. As much 
nitroglycerin as 15^ of the weight of the powder may be applied 
in this way. A coating of centralite may, if desired, be put on top 
of it The grains are sieved under water and are then dried for 
use in shotguns. If the powder is to be used in rifles, it is passed 
in a slurry between warm steel rollers by which all the grains are 
reduced to the same least dimension or web thickness. Previous 
to the drying, all the operations in the manufacture of ball -grain 
powder are carried out under water, and are safe. After the dry- 
mgi the operations involve the same hazards, by no means in- 
surmountable, as arc involved in the ordinary process. The grains 
are glazed with graphite and ble^ed. 

CHAPTER VII 

DYNAMITE AND OTHER HIGH EXPLOSIVES 
Invention of Dynamite 

Dynamite and the fulminate blasting cap both resulted from 
Alfred Nobers effort to make nitroglycerin more safe and more 



con%^enient to use. Having discovered that nitroglycerin is ex- 
ploded by the explosion of a email firecracker- like device flUed 
with black powder, he tried the effect of mixing the two materials, 
and in 1363 was granted a patent w'hich covered the use of a 
liquid explosive, such as nitroglycerin or methyl or ethyl nitrate, 
in mixture with gunpowder in order to increase the effectiveness 
of the latter. The amount of the liquid was limited by the re- 
quirement that the mixtures should be dry and granular in char- 
acter. The explosives were supposed to be actuated by fire, like 
black powder, but the liquid tended to slow down the rale of 
burning, and they wTre not notably successful. The same patent 
also covered the possibility of substituting a part of the saltpeter 
by nitroglycerin. Because this substance is insoluble in water and 
non-hygroscopic, it acts as a protective covering for the salt and 
makes the use of sodium nitrate possible in these mixtures. 

Nobel's next patent, granted in 1864, related to improvements 
in the manufacture of nitroglycerin and to the exploding of it by 
heating or by means of a detonating charge. He continued his 
experiments and in 1867 was granted a patent for an explosive 
prepared by mixing nitroglycerin w'ith a suitable non-explosive, 
porous absorbent such as charcoal or siliceous earth. The result- 
ing material was much less sensitive to shock than nitroglycerin. 
It was known as dynamite, and was manufactured and sold also 
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under the name of Nobel’s Safety Powder. Tlie absorbent which 
was finally chosen as being most satisfactory was di a to mac eons 
earth or kieselguhr (guhr or fuller^a earth). Nobel believed that 
dynamite could be exploded by a spark or by fire if it was con- 
fined closely, but preferred to explode it under all conditions by 
means of a special exploder or cap containing a strong cl large of 




Ficuee S3. Alfred Nobel (lS33-lS0fi). First manufueiuml and tL'^d nilro- 
glyeerin ^ommerc-ially, 1863; iru’pnted dynumite and the hilminate blasting 
cap, 1867; straight dynamite, 1869: bljisting gelatin iind gelatin dynamite, 
1875; and ballistite. 1888, He left the major part of his large fortune for 
the endowment of prizes, now known as the Nohel Prizes, for notable 
achievemenia in pliysira, in ehemiatry, in physiology and medic: inc, in 
literature, and in the promotion of peace. 

mercury fulminate, crimped tightly to the end of the fuse in order 
that it might detonate more strongly. He stated that the form 
of the cap might be varied greatly but that Us action depended 
upon the sudden development of an intense pressure or shock. 

Dynamite with an inactive base (guhr dynamite) is not manu- 
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factured commercially in this country. Small quantities are used 
for experimental purposes where a standard of comparison is 
needed in studies on the strength of various explosives. 

rr.1. 33 :^ 

The next important event in the development of these explo- 
sives was Nobel’s invention of dynamite with an art ire base, an 
explosive in which the nitroglycerin was absorbed by a mixture 
of materials which were themselves not explosive separately, such 
as potassium, sodium, or ammonium nitrate mixed with wood 
meal, charcoal, rosin, sugar, or starch. The nitroglycerin formed 
a thin coating upon the particles of the solid materials, and 
caused them to explode if a fulminate cap was used. The patent 
suggested a mixture of barium nitrate 70 parts, rosin or char- 
coal 10, and nitroglycerin 20, with or without the addition of 
sulfur, as an example of the invention. Nitroglycerin alone was 
evidently not enough to prevent the deliquescence of sodium and 
ammonium nitrate in these mixtures, for a later patent of 
Nobel claimed the addition of small amounts of paraffin, ozo- 
kerite, stearine, naphthalene, or of any similar substance which 
is solid at ordinary temperatures and is of a fatty nature, as a 
coating for the particles to prevent the absorption of moisture by 
the explosive and the resulting danger from the exudation of 
nitroglycerin. 

Dynamite with an active base is manufactured and used ex- 
tensively in this country and in Canada and Mexico. It is known 
as straight dynamite, or simply as dynamite, presumably because 
its entire substance contributes to the energy of its explosion. 
The standard 40% straight dynamite which is used in compara- 
tive tests at the U. S. Bureau of Mines contains nitroglycerin 
40%, sodium nitrate 44%, calcium carbonate (anti-acid) 1%, 
and wood pulp 15%. Since the time when this standard was 
adopted, the usage of the term “straight” has altered somewhat 
in consequence of changes in American manufacturing practice, 
with the result that this standard material is now better desig- 
nated as 40% straight nitroglycerin (straight) dynamite. This 
name distinguishes it from 40% 1. f. or 40% low- freezing 
(straight) dynamite which contains, instead of straight nitro- 
glycerin, a mixture of nitric esters produced by nitrating a mix- 
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ture of glycerin and glycol or of glycerin and sugar. Practically 
all active-base dynamites now manufactured in the United States, 
whether straight or ammonia or gelatin, are of this 1. f. variety. 
American straight dynamites contain from 20 to 60% of mixed 
nitric esters absorbed on wood pulp and mixed with enough 
sodium or potassium nitrate to maintain the oxygen balance and 
to take care of the oxidation of part or occasionally of all the 
wood pulp. 

Judson powder is a special, low-grade dynamite in which 5 to 
15% of nitroglycerin is used as a coating on a granular dope 
made by mixing ground coal with sodium nitrate and sulfur, 
warming the materials together until the sulfur is melted, form- 
ing into grains which harden on cooling and are screened for size. 
It is intermediate in power between black powder and ordinary 
dynamite and is used principally for moving earth and soft rock 
in railroad work. 

Nobel’s inventions of blasting gelatin and gelatin dynamite are 
both covered by the same patent. Seven or 8% of collodion cotton 
dissolved in nitroglycerin converted it to a stiff jelly which was 
suitable for use as a powerful high explosive. Solvents, such as 



acetone, ether-alcohol, and nitrobenzene, facilitated the incor- 
poration of the two substances in the cold, but Nobel reported 
that collodion cotton dissolved readily in nitroglycerin without 
additional solvent if the nitroglycerin was warmed gently on the 
water bath. A cheaper explosive of less power could be made by 
mixing the gelatinized nitroglycerin with black powder or with 
mixtures composed of an oxidizing agent, such as a nitrate or 
chlorate, and a combustible material, such as coal dust, sulfur, 
sawdust, sugar, starch, or rosin. A typical gelatin dynamite con- 
sists of nitroglycerin 62.5%, collodion cotton 2.5%, saltpeter 
27.0%, and wood meal 8%. A softer jelly is used for making 
gelatin dynamite than is suitable for use by itself as a blasting 
gelatin, and somewhat less collodion is used in proportion to the 
amount of nitroglycerin. 

All straight nitroglycerin explosives can be frozen. Straight 
dynamite when frozen becomes less sensitive to shock and to 
initiation, but blasting gelatin becomes slightly more sensitive. 
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When the explosives arc afterwards thawed, the nitroglycerin 
shows a tendency to exude. 

Invention of Ammonium Nitrate Explosives 

In 1867 two Swedish chemists, C. J. Ohlsson and J. H. Norrbin, 
patented an explosive, called ammoniakkrut, which consisted of 
ammonium nitrate either alone or in mixture with charcoal, saw- 
dust, naphthalene, picric acid, nitroglycerin, or nitrobenzene. 
Theoretical calculations had shown that large quantities of heat 
and gas were given off by the explosions of these mixtures. The 
proportions of the materials were selected in such manner that 
all the carbon should be converted to carbon dioxide and all the 
hydrogen to water. Some of these explosives were difficult to ignite 
and to initiate, but the trouble was remedied by including some 
nitroglycerin in their compositions and by firing them with ful- 
minate detonators. They were used to some extent in Sweden. 
Nobel purchased the invention from his fellow-countrymen early 
in the 1870’s, and soon afterwards took out another patent in 
connection with it, but still found that the hygroscopicity of the 
ammonium nitrate created real difficulty. He was not able to deal 
satisfactorily with the trouble until after the invention of gelatin 
dynamite. In present manufacturing practice in this country the 
tendency of the ammonium nitrate to take up water is counter- 
acted by coating the particles with water-repelling substances, 
oils, or metallic soaps. 

In 1879 Nobel took out a Swedish patent for extra-dynamite 
(ammon-gelatin-dynamit), one example of which was a fortified 
gelatin dynamite consisting of nitroglycerin 71%, collodion 4%, 
charcoal 2%, and ammonium nitrate 23%. Another contained 
much less nitroglycerin, namely, 25%, along with collodion 1%, 
charcoal 12%, and ammonium nitrate 62%, and was crumbly 
and plastic between the fingers rather than clearly gelatinous. 

In these explosives, and in the ammonium nitrate permissible 
explosives which contain still less nitroglycerin, it is supposed 
that the nitroglycerin or the nitroglycerin jelly, which coats the 
particles of ammonium nitrate, carries the explosive impulse 
originating in the detonator, that this causes the ammonium 
nitrate to decompose explosively to produce nitrogen and water 
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and o-xygen, the last named of which enters into a further ex- 
plosive reaction with the charcoal or tahor combustible material. 
Other explosive liquids or solids, such as liquid or solid DNT, 
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TNT, iir TNX, nitrtiRlytitl, nitrostardi, or nttnieclluU»c, may bo 
used to aensitizc tlic ammonium nitrate and to make tbe mixture 
more easily detonatwl by a blasting cap. Non-explosive com- 
bustible materials, such as rosin, coal, Kulfur, cereal meal, and 
paraffin, also work as sensitizers for ammonium nitrate, and a 
different liypolbesis is required to explain tlicir action. 

Guhr Dynamite 

Guhr clynumitr is usetl ratUcr wiflcly in Europe. It is not hygro- 
scopic. Litpiid \vater however, brought into contact with it, is 
absorbed by the kieselguhr and tUsplacoH the nitroglycerin which 
separates in the form of an oily liquid. Tlie nitroglycerin thus set 
free in a wet bore hole might easily scop away into a fissure in 
the ruck where it would later be exploded accidentally by a drill 
tir by the bhm' of a pick. Water does not cause the separation 
of nitroglycerin from blasting gelatin or gelatin dynamite. It 
tends to dissolve tbe soluble salts which arc present in straight 
dynamite and to liberate in the liquid state any nitroglycerin 
with which they may be coated, 

Guhr dynamite^ made from 1 part of kieselguhr and 3 parts 
of nitniglycerin, is not exploded by a blow of w'ood upon wood, 
but is exploded by a blow of iron or other metal uj>on iron. In 
the drop test it is exploded by the fall of a 1 -kilogram weight 
through 12 to 15 cm., or by the fall of a 2*kilogram weight 
tlirough 7 cm. The frozen material is less sensitive: a drop of 
more than 1 meter of the kilogram weight or of at least 20 cm. 
of the 2-kilogram w'eight is necessary ttj explode it. Frozen or 
unfrozen it is exploded in a paper cartridge by the impact of a 
bullet from a military rifle. A small sample will bum quietly in 
the open, but will explode if it is lighted witliin a confined apace, 
A cartridge explodes if heated on a metal plate. 

The velocity of detonation of guhr dynamite varies with the 
density of loading and with the diameter of the charge, hut does 
not reach values equal to the maxima under best conditions for 
nitroglycerin and blasting gelatin. Velocities of 6650 to 6800 
meters per second, at a density of loading of 1.50 (the highest 




F'OOafi 84. Determination of the Velocity of Detonation of Dynamite 
by the Daut riche Method. CCouiteay Hercules Powder Company.) Com- 
pare FijEure 9, page 17. 



w'hich is practical) have been reported. Naoum, working with 



charges in an iron pipe 34 nun. in internal diameter and at a 
density of loading of 1.30, found for nitroglycerin guhr dynamite 
a velocity of detonation of 5650 meters per second, and, under 
the same conditions, for nitroglycol guhr dynamite one of 6000 
meters per second. 

Dynamites, like guhr dynamite and straight dynamite, which 
contain nitroglycerin in the subdivided but liquid state c(mimuni- 
eate explosion from cartridge to cartridge more readily, and in 
general are more easy to initiate, than blasting gelatin and gela- 
tin dynamite in which no liquid nitroglycerin is present. A car- 
tridge of guhr dynamite 30 mm. in diameter will propagate its 

explosion through a distance of 30 cm. to a similar cartridge. 

33S 

Straight Dynamite 

Straight dynamite containing 60^ or less of mixed nitric 
estera^but not more bccatise of the danger of exudation — is used 
extensively in the United States, but has found little favor in 




Figure 85. Dynamite Manufacture. (Courtesy Hercules Powder Com- 
pany.) Rubbing the dry ingredientB of dynamite through a screen into 
the bowl of a mixing machine. 

Europe. It is made simply by mixing the explosive oil with 
the absorbent materials; the resulting loose, moist-appearing or 
greasy mass, from wdiich oil ought not to exude under gentle 
pressure, is put up in cartridges or cylinders wrapped in paraffined 
paper and dipped into melted paraffin wax to seal them against 
moisture. 

The strength of straight nitroglycerin dynamite is expressed by 
the per cent of nitroglycerin which it contains. Thus, ^*40% 
straight nitroglycerin dynamite" contains 40% of nitroglycerin^ 
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but “407r ammonia dynamite," "40% gelatin dynamite," etc., 
whatever their compositions may be, arc supposed to iiave Uie 
same strength or explosive force as 40% straight nitroglycerin 
dynamite. Munroc and Hall in 1915 reported for typical 
straight nitroglycerin dynamites the com posit ions which arc 
shown in the following table. Although these dynamites arc not 
now manufactured commercially in the United States, their ex- 
plosive properties, studied intensively at the U. S. Bureau of 
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Fioure 86. Dynamite Manufacture. (Courtesy Hercules Powder Com- 
pany.) Hoppers underneath the mixing machine, showing the buggies 
which carry the mixed dynamite to the packing maehinca. 
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l%% 


20% 


2S% 


30% 


35% 


40% 


40% 


30% 


55% 


60% 


Nitraff lycerliEi 


15 


20 


2fp 


30 


30 


40 


40 


50 


55 


60 


CombUBtlble material 


Zd 


10 


18 


17 


L6 


15 


14 


14 


15 


16 


Sodium nltrata. . , , , . 


64 


60 




C2 


43 


44 


40 


IS 


39 


2i 


CaLcLuin or marne- 
feJnm carbonate.,. 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 



Mines and repi^rtud as a matter of interest, do not differ greatly 
from thuse of the 1. f. dynamites by which they Imvc been super- 
seded in common use. The combustible material stated to be 
used in these compositions consists of a mixture of wood pulp, 
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flour, and brimstone for the grades below 40 % strength, wood 
pulp alone for the 40^^ am I stronger. In coramcreial practice the 
dope sometimes contains coat^ic combustible matcnal, like rice 
hullsj sawdust, or bran, wliieh makes the explosive more bulky 
and bas the effect of reducing the velocity of detonatiom Tests 
at the U. S. Bureati of itines on standard straight clynamhes in 
cartridges 1^4 inches in diameter showed for the 30^ grade a 
velocity of detonation of 4548 meters per second, for the 40% 




Flu L' RE S7. Dyuamitc Manufacture. CCmirtR^ Hcrculcft Powder Com* 
puny.) Dumping the mixed dynamite onto the conveyor belt which raidea 
it to the Jiopper of the Eeiuri-automatle packing machine. 

grade 4688 meters per second, and for the 60% grade 6246 meters 
per second. The 40% dynamite was exploded in one case out of 
three by an 11 -cm. drop of a 2-kilogram weight, in no case out 
of five by a 10-em. drop. Cartridges 1^4 inches in diameter and 
S inches long transmitted explosion from one to another through 
a distance of 16 inches once in two trials, but not through a 



distance of 17 inches in three trials. The 40^0 dynamite gave a 
small lead block compression of 16.0 mm,, and an expansion 
(average of three) in the Trauzl test of 278 cc. 
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Munroe and Hall also reported the fid lowing compositions 
for typical i^rdinary and hjw- freezing ammonia rlynumitcs, the 
combustible material in each ease being a mixture of w<iod pulp, 
flour, and brimstone. Low- freezing dynamites at present in use 
in this country ctmtain nitroglycol or nitrosugar instead of the 
above-mentioned nitrosubstitution compounds. In Europe dinitro- 
chlorohydrin, tetranitrodiglycerin, and other nitric esters are 
used. 



Strength 


Ordinary 


Low- Freezing 








1 






1 








! 


30% 


35% 


40% 


50% 


60% 


30% 


3S% 


40% 


50% 


60% 


Nitroglycerin. ........... 

Nitrosuhfltttuiion com- 
pounds 


15 


20 


22 


27 


35 


: 13 
3 


1 

i 

^ 17 
4 


17 

4 


2t 

5 


27 

5 


AmmoniuDi nitrate 

Sodium nitrate 

Combustible material. . . . 
Calcium carbonate or ainc 
oxide. 


15 

51 

IS 


15 
48 

16 


20 

42 

15 


25 

36 

11 


30 

24 

10 


15 
53 
: 15 


15 

49 

14 


20 

45 

13 


25 

36 

)2 


30 

27 

9 


1 


1 

i 


1 


1 


1 


1 


1 


1 1 


1 


1 



Three of the standard French ammonia dynamites, according 
to Naoum, have the compositions and explosive properties listed 
below. 



Kitrqgjycerin 40 20 22 

Ammonium nitrate 45 75 7S 

Sodium nitmte 6 

Wood or <5ereal meal 10 5 

Charcoal ... 3 

Lead block expaoeiozi 400.0 cc. 335.0 uc. 330 jO cc. 

Lead block cruahing 230 mm. 15.5 mm, 16,0 mm. 

Density 138 120 133 

Taylor and Rinkenbach report typical analyses of American 
ammonium nitrate dynamite (1 below] and ammonium nitrate 
sodium nitrate dynamite (II below) , These fonnulas really repre- 
aent ammonium nitrate permissible explosives, very dose in their 
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compositions to Moiiohd (HI lulow) wliidi is permissible in 



this country I'tir nsu in coni mines. Xiioum reports that this 

I II m 

Nitroglyceriri 930 930 lOD 

Ammoaiurii nitruLu 79.45 6035 SO.O 

SadiiiiQ oitnitc 10.20 

Ciirbonuccm[tii cuiiibuEtible iiialerial 0.75 035 

Wool! meui , . 10.0 

Antt-ufiil * . 0.10 030 

Moiature 0.90 0.90 



^^The carbonatfoue combus^Ublc material cant a ins 0.40% or oil 

which wa# added tn the amnioiiium nitrate to counteract ita hygroacopieity. 
Note that the figures in the final two columns of the table repreaent reaults 
of Bnatysea; those in the third column represent the formula according to 
which tJic explc^ve id mixed, 

Momiljcl (density about 1,15) gives a lead block expansion of 
about 350 cc. and a lead block crushing of 12 mm. He states that 
Monobel belongs to tlie class of typical ammonium nitrate ex- 
plosives rather than to the dynamites, and points out tliat no spe- 
cific effect can be ascribed to the 10% nitroglycerin which it con- 
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Blasting gelatin and gelatin dynamite on 
sensitive to detonation, and, after lung storage in a warm climate, 
may even become incapable of being detonated. The effect has 
been thought to be due to the small air bubbles which make 
newly prepared blasting gelatin appear practically w'hite but 
w'hich disappear when the material is kept in storage and be^ 
comes translucent and yellowish. But this cannot be the whole 
cause of the effect, for the colloid becomes stilTer after keeping. 
The loss of sensitivity is accompanied by a rapid dropping off in 
the velocity of detonation and in the brisancc. According to 
Naoum, blasting gelatin cimtaining 7^ collodion cotton when 

after 
'hen freshly 

after 2 days 545 cc. 

under the most favorable conditions has a 

second. In iron 
section exceeds 



tains, for an explosive containing only a small quantity, say 4% 



newly prepared gave a lead block expansion of 600 cc., 

2 days 5S0 cc., and one containing 9fo colUxlion gave wl 
made an expansion of 580 cc. 

Blasting gelatin 

velocity of detonation of about 8000 meters per 
pipes it attains this velocity only if its cross 
30 mm. in diameter, and it attains it only at a certain distance 
aw'ay from the point of initiation, so that in the Dautriche 
method where short lengths are used lower values are generally 
obtained. In tubes of 20^25 mm. diameter, and with samples of a 
sensitivity reduced cither by storage or by an increased tough- 
ness of the colloid, values as low as 2000-2500 meters per second 
have been observed. 



Feocsg 8S. Dynamite Mtintifucture. (Courtess" Hercules Powder Com- 
pany.) Cartridges of dynamite (is tJicy come from the eemi-automatic 
packing machine. 
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of nitroglycerin, or none at all, will give essentially the same per- 
formance. But the aminonivim nitrate explosive with no nitro- 
glycerin in it is safer to handle and more difficult to detonate. 



Blasting Gelatin 

Blasting gelatin exists as a yellowish, translucent, elastic mass 
of density about 1.63. Strong pressure does nut cause nitru- 
glycerin to exude from it. Its surface is rendered milky by long 
contact with water, but its explusK^e strength is unaffected. It is 
less sensitive to shock, blow^s, and friction than nitroglycerin, 
guhr dynamite, and straight dynamite, for its elasticity enables 
it more readily to absorb the force of a blow, and a thin layer 
explodes under a hammer more easily than a thick one. Blasting 
gelatin freezes w'ith difficulty. When frozen, it loses its elasticity 
and flexibility, and becomes a hard, w'hite mass. Unlike guhr 
dynamite and straight dynamite, it is more sensitive to shock 
when frozen than when in the soft and unfrozen state. 

Unlike nitroglycerin, blasting gelatin takes fire easily from a 
flame or from the spark of a fuse. Its combustion is rapid and 
violent, and is accompanied by a hissing sound. If a large quan- 
tity is burning, the combustion is likely to become an explosion, 
and the same result is likely to follow if even a small quantity 
of the frozen material is set on fire. 

Pulverulent explosives or explosive mixtures are easier to initi- 
ate and propagate detonation for a greater distance than liciui<l 
explosives, especially viscous ones, and these are easier to deto- 
nate and propagate mure readily than colloids. The stiffer the 
colloid the more difficult it becomes to initiate, until, with increas- 
ingly large proportions of nitrocellulose in the nitroglycerin gel, 
tough, homy colloids are formed, like ballistite and cordite, 



Blasting gelatin is not used very widely in the United States; 
the somewhat less powerful gelatin dynamite, or simply gelatin 
as it is called, is much more popular. Gelatin dynamite is essen- 
tially a straight dynamite in which a gel is used instead of the 
liquid nitroglycerin or 1. f. mixture of nitric esters. It is a plastic 
mass w’hich can be kneaded and shaped. The gel contains between 
2 and 5.4% collodion cotton, and is not tough and really elastic 
like blasting gelatin. Correspondingly it ia initiated more easily 
and has a higher velocity of detonation and better propagation. 
The gel is prepared by mixing the nitroglycerin and collodion 

cotton, allowing to stand at 4CM5®C» for some hours or over 
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night, and then incorpt^rating mechanically with the dupe mMe- 
rials which have been previously mixed together. Munrfie and 
Hall in 1915 gave the compositions listed below as typical of 
gelatin dynamites offereil for sale at that time in this country. 
Instead of straight nitroglycerin, 1. f. mixtures uf nitric esters 
are now used. 



Nitroglyrerin 23.0 2S0 330 42.0 46,0 SO.O 60.0 

Nitrocellulose 07 0,9 1.0 15 1.7 1.9 24 

Sodium nitrate 623 58.1 52 jQ 455 423 38,1 29B 

Combustible material ...... 13 j0 12,0 13.0 10.0 90 9.0 70 

Calcium carbonate 1.0 10 l.O 1.0 1.0 10 1.0 

Wood pulp waa used in the 60% and 70% grades. Flour, wood pulp, 
tad, in some eiiamplea. roaio and brimstone were uoed in the other gradea. 

The three standard explosives which arc used in Great Britain 

are called respectively blasting gelatin, gelatin dynamite, and 

Gelignite. Gelignite, let us note, is a variety of gelatin dynamite 

as the latter term is used in this country. It is the most w’idely 

used of the three and may indeed be regarded as the standard 

explosive. ^ 

Btjsttno Gehtin 

Gklatin Dynamite Gelignite 



Nitroglycerin 
Collodion cotton 
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Wood meal 5 8 

Potassium nitrate 15 28 



The gelatin dynamites most widely used in Germany contain 
about 65 parts of gelatinized nitroglycerin and about 35 parts of 
dope or absorbent material. The dope for an explosive for do- 
mestic use consists of 76.9^ sodium nitrate, 22.6% wood meal, 
and 0.5% chalk, and for one for export of 8Q% potassium nitrate, 
19.5% wood meal, and 0.5% chalk. A weaker Gelignite II and 
certain high-strength gelatin dynamites, as tabulated below, are 
also manufactured for export. 

OELiaxiTB Hioh-Strength Gelatin Dynamite 



II 80% 81% 75% 

Nitroglycerin 47.5 75 758 70.4 

Collodion cotton 2J5 5 58 48 

Potaasium nitrate 378 15 152 198 

Wood meal with chalk 38 5 38 5.7 

Rye meal 9.0 



The gelatin dynamites manufactured in Belgium arc called 
For cites. The reported compositions of several of them are tabu- 
lated below. Forcite extra is an ammonia gelatin dynamite. 



For- 

CITE 

EXTR.A 



Nitroglycerin 64 

Collodion cotton 38 

Sodium nitnite 

Potassium nitrate 

Ammonium nitrate 25 

Wood meal 68 

Bran 

Magnesium caihonatc 1 



For- 












cite 


Su- 




For- 




For- 


Su- 


per 


For- 


cite 


For- 


cite 


PER- 


For- 


cite 


No. 


cite 


No. 


lEURE 


cite 


No.l 


IP 


No. 2 


2P 


64 


64 


49 


49 


36 


36 


3 


3 


2 


2 


3 


2 


24 


23 


36 


37 


35 


46 


8 


9 


13 


11 


11 












14 


15 


1 


1 


1 


1 


1 


1 



In France gelatin dynamites arc known by the names indicated 
in the following table where the reported compositions of several 
of them are tabulated. 





1 

li 

1 ^ 
Is 

Q 


Dynam ite-gomme- 
potasse 


B 

1 

II 


< 

.1 

S 


1 

4> 

a 

§ 


3 

? 

CQ 

« 

G 

s 

s 


Gomme £ 


8 

1 

O 


Nitroglycerin 


92-93 


82-83 


82-83 


64 


67.5 


57 


49 


58 


Collodion cotton 


8-7 


6-5 


6-5 


3 


2.5 


3 


2 


2 


Potassium nitrate 




9-10 






32.0 




36 


28 


Sodium nitrate 






9-10 


24 




34 






Wood meal 




2-3 


2-3 


8 


8.0 


6 


10 


9 


Flour 














3 


3 


Magnesium carbonate. . 




... 




1 









Permissible Explosives 

The -.atmosphere of coal mines frequently contains enough 
methane (fire damp) to make it explode from the flame of a 
black powder or dynamite blast. Dust also produces an explosive 
atmosphere, and it may happen, if dust is not already present, 
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that one blast will stir up clouds of dust which the next blast will 
cause to explode. Accidents fnmi this cause became more and 
more frequent as the indastrial importance of coal increased 



during the nineteenth century and as tiie mines were dug deeper 
and contained more fire damp, until finally the various nations 
which were producers of coal appointed commissions to study 
and develop means of preventing them. The first of these was 
appointed in France in 1877, the British commission in 1879, the 
Prussian commission in 1881, and the Belgian and Austrian com- 
missions at later dates. The Pittsburgh testing station of the 
U. S. Geological Survey was officially opened and regular work 
was commenced there on December 3, 1908, with the result that 
the first American list of explosives pcmiissible for u.«e in gaseous 
and dusty coal mines was issued May 15, 1909. On July 1, 1909, 
the station was taken over by the U. S. Bureau of Mines, which, 
since January 1, 1918, has conducted its tests at the Explosives 
Experiment Station at Bruceton, not far from. Pittsburgh, in 
Pennsylvania. 

Explosives which are approved for use in gaseous and dusty 
coal mines are known in this country as permissible explosives, 
in England as permitted explosives, and are to be distinguished 
from authorized explosives which conform to certain conditions 
with respect to safety in handling, in transport, etc. Explosives 
which are safe for use in coal mines are knowm in France as 
explosifs antigrisouteux, in Belgium as explosifs S. G. P. (securite, 
grisou, poussih'e)^ in Germany as schlagwettersichere Spren^- 
staff e while the adjective kandhabungssichere is applied to those 
which are safe in handling. Both kinds, permissible and author- 
ized, are safety explosives, explosifs de surete, Sicherheitsspreng- 
stoffe. 

A mixture of air and methane is explosive if the methane con- 
tent lies between 5 and 14%. A mixture W'hich contains 9.5% of 
methane, in which the oxygen exactly suffices for complete com- 
bustion, is the one which explodes most violently, propagates the 
explosion most easily, and produces the highest temperature. This 
mixture ignites at about 650® to 700®. Since explosives in general 
produce temperatures which are considerably above 1000®, explo- 
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sive mixtures of methane and air would ahvays be exploded by 
them if it w^ere not for the circumstance, discovered by Mallard 
and Le Ghatelier, that there is a certain delay or period of 
induction before the gaseous mixture actually explodes. At 650® 
this amounts to about 10 seconds, at 1000® to about 1 second, and 
at 2200® there is no appreciable delay and the explosion is pre- 
sumed to follow instantaneously after the applicatiim of this tem- 
perature however momentary. Mallard and Le Ghatelier concluded 
that an explosive having a temperature of explosion of 2200® or 
higher would invariably ignite fire damp. The Frenoli commis- 
sion which w as studying these questions at first decided that the 
essential characteristic of a permissible explosive should be that 
its calculated temperature of explosion should be not greater than 
2200®, and later designated a temperature of 1500® as the maxi- 
mum for explosives permissible in coal seams and 1900® for those 
intended to be used in the accompanying rock. 

The fiame which is produced by the explosion of a brisant 
explosive is of extremely short duration, and its high temperature 
continues only for a small fraction of a second, for the hot gases 
by expanding and by doing wmrk immediately commence to cool 
themselves. If they are produced in the first place at a tempera- 
ture below that of the instantaneous inflammation of fire damp, 
they may be cooled to such an extent that they are not suffi- 
ciently warm for a sufficiently long time to ignite fire damp at 
all. Black powder, burning slowly, always ignites explosive gas 
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mixtures. But any high explosive may be made safe for use in 
gaseous mines by the addition to it of materials which reduce the 
initial temperature of the products of its explosion. Or, in cases 
where this initial temperature is not too high, the same safety 
may be secured by limiting the size of the charge and by firing 
the shot in a we II -tamped bore hole under such conditions that 
the gases are obliged to do more mechanical work and are cooled 
the more in consequence. 

Permissible explosives may be divided into two principal 
classes: (1) those which are and (2) those which are not based 
upon a high explosive which is cool in itself, such as ammonium 
nitrate, or guanidine nitrate, or nitroguanidine. The second class 
may be subdivided further, according to composition, into as 
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many classes as there are varieties in the compositions of high 
e.xplosives, or it may be subdivided, irrespective of composition, 
according to the means wliich are used to reduce the explosion 
temperature. Thus, an explosive containing nitroglycerin, nitro- 
starch, chlorate or perchlorate, or tetranitronaphthalene, or an 
explosive which is essentially black powder, may have its tem- 
perature of explosion reduced by reason of the fact that (a) it 
contains an excess of carbonaceous material, (5) it contains water 
physically or chemically held in the mixture, or (c) it contains 
volatile salts or substances which are decomposed by heat. 
Ammonium nitrate may also be used as a means of lowering the 
temperature of explosion, and thus defines another subdivision 
(d\ which corresponds to an overlapping of the two principal 
classes, (o) and (6). 

Ammonium nitrate, although it is often not regarded as an 
explosive, may nevertheless be exploded by a suitable initiator. 
On complete detonation it decomposes in accordance with the 
equation 

‘ 2 NH 4 NO, » 4HaO + 2N, + 0, 

but the effect of feeble initiation is to cause decomposition in 
another manner with the production of oxides of nitrogen. By 
using a booster of 20-30 grams of Bellite (an explosive consisting 
of a mixture of ammonium nitrate and dinitrobenzene) and a 
detonator containing 1 gram of mercury fulminate, Lobry de 
Bruyn succeeded in detonating 180 grams of ammonium nitrate 
compressed in a 8-cm. shell. The shell was broken into many 
fragments. A detonator containing 3 grams of mercury fulminate, 
used without the booster of Bellite, produced only incomplete 
detonation. Lheure secured complete detonation of cartridges 
of ammonium nitrate loaded in bore holes in rock by means of 
a trinitrotoluene detonating fuse which passed completely through 
them. 

The sensitiveness of ammonium nitrate to initiation is in- 
creased by the addition to it of explosive substances, such as 
nitroglycerin, nitrocellulose, or aromatic nitro compounds, or of 
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non-explosive combustible materials, such as rosin, sulfur, char- 
coal, flour, sugar, oil, or paraffin. Substances of the latter class 
react with the oxygen which the ammonium nitrate would other- 
wise liberate; they produce additional gas and heat, and increase 
both the power of the explosive and the temperature of its explo- 
sion. Pure ammonium nitrate has a temperature of explosion of 
about 1120® to 1130®. Ammonium nitrate explosives permissible 
in the United States generally produce instantaneous tempera- 
tures between 1500® and 2000®. 

Among the first permissible explosives developed in France 
were certain ones of the Belgian Favier type which contained 



no nitroglycerin and consisted essentially of ammonium nitrate, 
sometimes with other nitrates, along with a combustible mate- 
rial such as naphthalene or nitrated naphthalene or other aro- 
matic nitro compounds. These explosives have remained the 
favorites in France for use in coal mines. The method of manu- 
facture is simple. The materials are ground together in a wheel 
mill, and the mass is broken up, sifted, and packed in paraffined 
paper cartridges. The compositions of the mixtures are those 
which calculations show to give the desired temperatures of ex- 
plosion. Grisounites roches, permissible for use in rock, have 
temperatures of explosion between 1500® and 1900®; Grisounites 
couches, for use in coal, below 1500®. Several typical composi- 
tions are listed below. 





Grisou- 

naphtalite- 

roche 


Grisou- 

naphtalite- 

roche 

salp€tr5e 


Grisou- 

naphtalite- 

couche 


i 

Grisou- 

naphtalite- 

couche 

salpetr6e 


Grisou- 

tetrylite- 

couche 


Ammonium 
nitrate 


91.5 


86.5 


95 


90 


88 


Potassium 
nitrate 




5.0 




5 


5 


Dinitro- 

naphthalene. 


8.5 


8.5 








Trinitro- 
naphthalene . 






5 


5 




Tatryl 




• • 






7 



The French also have permissible explosives containing both 
ammonium nitrate and nitroglycerin (gelatinized), with and with- 
out saltpeter. These are called Grisou-dynamites or Grisoutines. 





Grisou- 

dynamite- 

roche 


Grisou- 

dynamite- 

roche 

salp4tr6e 


Grisou- 

dynamite- 

couche 


Grisou- 

dynamite- 

couche 

salp^tr^e 


Nitroglycerin 


29.0 


29,0 


12.0 


12.0 


Collodion cotton — 


1.0 


1.0 


0.5 


0.5 


Ammonium nitrate. 


70.0 


65,0 


87.5 


82.5 


Potassium nitrate. . . 




5.0 




5.0 



The effect of ammonium nitrate in lowering the temperature 
of explosion of nitroglycerin mixtures is nicely illustrated by the 
data of Naoum who reports that guhr dynamite (755^> actual 
nitroglycerin) gives a temperature of 2940®, a mixture of equal 
amounts of guhr dynamite and ammonium nitrate 2090®, and a 
mixture of 1 part of guhr dynamite and 4 of ammonium ni- 
trate 1468®. 

In ammonium nitrate explosives in which the ingredients are 
not intimately incorporated as they are in the Favier explosives, 
but in which the granular particles retain their individual form, 
the velocity of detonation may be regulated by the size of the 
nitrate grains. A relatively slow explosive for producing lump 
coal is made with coarse-grained ammonium nitrate, and a faster 
explosive for the procurement of coking coal is made with fine- 
grained material. 

The first explosives to be listed as permissible by the U. S. 
Bureau of Mines were certain Monobels and Carbonites, and 
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Monobels are still among the most important of American per- 
missibles. Monobels contain about 10% nitroglycerin, about 10% 
carbonaceous material, wood pulp, flour, sawdust, etc., by the 
physical properties of which the characteristics of the explosive 
are somewhat modified, and about 80% ammonium nitrate of 
which, however, a portion, say 10%, may be substituted by a 
volatile salt such as sodium chloride. 

3,52 

In Europe the tendency is to use a smaller amount of nitro- 
glycerin, say 4 to 6%, or, as in the Favier explosives, to omit it 
altogether. Ammonium nitrate permissible explosives which con- 
tain nitroglycerin may be divided broadly into two principal 
classes, those of low ammonium nitrate content in which the 
oxygen is balanced rather accurately against the carbonaceous 
material and which are cooled by the inclusion of salts, and those 
which have a high ammonium nitrate content but whose tem- 
perature of explosion is low because of an incomplete utilization 
of the oxygen by a relatively small amount of carbonaceous 
material. Explosives of the latter class arc more popular in Eng- 
land and in Germany. Several examples of commercial explosives 
of each sort arc listed in the following table. 





I 


II 


III 


IV 


V 


VI 


VII 


VIII 


Ammonium nitrate 


. . 52,0 


53.0 


60.0 


61.0 


66.0 


73.0 


78.0 


83.0 


Pota.-5sium nitrate 

Sodium nitrate 


. . 21.0 


12.0 


5.0 


3.0 




28 


5.0 


7.0 


Barium nitrate 

Na or K chloride 

Hydrated ammonium 






21.0 


205 


22.0 


15.0 


8.0 


2.0 


oxalate 


. . 16.0 


19.0 














Ammonium chloride .... 
Cereal or wood meal .... 


6.0 


4.0 


4.0 


75 


2.0 


1.0 


5.0 


2.0 


Glycerin 

Powdered coal 








3.0 


4.0 








Nitrotoluene 

Dinitrotoluene 

Trinitrotoluene 




6.0 


6.0 


1.0 




5.0 




2.0 


Nitroglycerin 


5.0 


5.0 


4.0 


4.0 


4.0 


3.2 


4.0 


4.0 



The Carbonites which are permissible are straight dynamites 
whose temperatures of explosion are lowered by the excess of 
carbon which they contain. As a class they merge, through the 
Ammon-Carbonites, with the class of ammonium nitrate explo- 
sives. The Carbonites, have the disadvantage that they produce 
gases which contain carbon monoxide, and for that reason have 
largely given way for use in coal mines to ammonium nitrate 
permissibles which contain an excess of oxygen. Naoum reports 



the compositions and explosive characteristics of 


four German 


Carbonites as follows. 
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I 


II 


III 


IV 


Nitroglycerin 


25.0 


25.0 


25.0 


30.0 


Potassium nitrate 

Sodium nitrate 


305 


34.0 


305 


245 


Barium nitrate 


4.0 


1.0 






Spent tan bark meal 


40,0 


1.0 






Meal 




385 


395 


405 


Potassium dichromate 

Sodium carbonate 


05 


0.5 


5.0 


5.0 


Heat of explosion, Cul./kg 


. . 576 


506 


536 


602 


Temperature of explosion 


. . 1874* 


1561* 


1666* 


1639* 


Velocity of detonation, meters/sec. . 


. . 2443 


2700 


3042 


2472 


Lead block expansion 


235 cc. 


213 cc. 


240 cc. 


258 cc. 



The salts which are most frequently used in permissible ex- 



plosives are sodium chloride and potassium chloriile, both of 
which are volatile (the potassium cliloride more readily so), am- 
monium chloride and ammonium sulfate, which decompose to form 
gases, and the hydrated salts, alum Al2(S04)3*K2S04-24H20; 
ammonium alum Al2(S04)8* (NH4)2S04‘24H20; chrome alum 
Cra(S04)3'K2S04*24H20; aluminum sulfate Al2(S04)3-18H20; 
ammonium oxalate (NH4)2Co04*H20; blue vitriol CuS04*5H20; 
borax Na2B40r TOH2O ; Epsom salt MgS04*7H20; Glauber’s salt 
Na2SO4*10H2O; and gypsum CaS04*2H20, all of which give off 
water, while the ammonium salts among them yield other volatile 
products in addition. Hydrated sodium carbonate is not suitable 
for use because it attacks both ammonium nitrate and nitro- 
glycerin. 

Sprengel Explosives 

Explosives of a new type were intrwluced in 1871 by Hermann 
Sprengel, the inventor of the mercury high-vacuum pump, w’ho 
patented a w’hole series of mining explosives which w’ere pre- 
pared by mixing an oxidizing substance with a combustible one 
“in such proportions that their mutual oxidation and de-oxidation 
should be theoretically complete.” The essential novelty of his 
invention lay in the fact that the materials were mixed just before 
the explosive was used, and tl^^esultant explosive mixture w^as 

fired by means of a blasting cap. Among the oxidizing agents 
W'hich he mentioned were potassium chlorate, strong nitric acid, 
and liquid nitrogen dioxide; among the combustible materials 
nitrobenzene, nitronaphthalene, carbon disulfide, petroleum, and 
picric acid.*‘ Strong nitric acid is an inconvenient and unpleasant 
material to handle. It can eat through the copper capsule of a 
blasting cap and cause the fulminate to explode. Yet several 
explosives containing it have been patented, Oxonite, for example, 
consisting of 58 parts of picric acid and 42 of fuming nitric acid, 
and Hellhoffite, 28 parts of nitrobenzene and 72 of nitric acid. 
These explosives are about as powerful as 70% dynamite, but 
are distinctly more sensitive to shock and to blows. Hellhoffite 
was sometimes absorbed on kieselguhr to form a plastic mass, but 
it still had the disadvantage that it was intensely corrosive and 
attacked paper, wood, and the common metals. 

Sprengel was aware in 1871 that picric acid alone could be detonated 
by means of fulminate but realized also that more explosive force could 
be had from it if it were mixed with an oxidizing agent. Picric acid alone 
was evidently not used practically as an explosive until after Turpin in 
1886 had proposed it as a bursting charge for shells. 

The peculiarities of the explosives recommended by Sprengel 
so set them apart from all others that they define a class; explo- 
sives which contain a large proportion of a liquid ingredient and 
which are mixed in situ immediately before use are now known 
as Sprengel explosives. They have had no success in England, for 
the reason that the mixing of the ingredients has been held to 
constitute manufacture within the meaning of the Explosives Act 
of 1875 and as such could be carried out lawfully only on licensed 
premises. Sprengel explosives have been used in the United States, 
in France, and in Italy, and were introduced into Siberia and 
China by American engineers when the first railroads were built 
in those countries. Rack-a-rock, patented by S. R. Divine, is 
particularly well known because it was used for blasting out Hell 
Gate Channel in New York Harbor. On October 10, 1885, 240,399 
pounds of it, along with 42,331 pounds of dynamite, was exploded 
for that purpose in a single blast. It was prepared for use by 
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adding 21 parts of nitrobenzene to 79 parts of potassium chlorate 
contained in water-tight copper cartridges. 
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The Promethees, authorized in France under the name of 
explosifs O No. 3, arc prepared by dipping cartridges of a com- 
pressed oxidizing mixture of potassium chlorate 80 to 95% and 
manganese dioxide 5 to 20% into a liquid prepared by mixing ni- 
trobenzene, turpentine, and naphtha in the proportions 50/20/30 
or 60/15/25. The most serious disadvantage of these explosives 
was an irregularity of behavior resulting from the circumstance 
that different cartridges absorbed different quantities of the com- 
bustible oil, generally between 8 and 13%, and that the absorp- 
tion was uneven and sometimes caused incomplete detonation. 
Similar explosives are those of Kirsanov, a mixture of 90 parts of 
turpentine and 10 of phenol absorbed by a mixture of 80 parts 
of potassium chlorate and 20 of manganese dioxide, and of 
Fielder, a liquid containing 80 parts of nitrobenzene and 20 of 
turpentine absorbed by a mixture of 70 parts of potassium 
chlorate and 30 of potassium permanganate. 

The Panclastites, proposed by Turpin in 1881, are made by 
mixing liquid nitrogen dioxide with such combustible liquids as 
carbon disulfide, nitrobenzene, nitrotoluene, or gasoline. They are 
very sensitive to shock and must be handled with the greatest 
caution after they have once been mixed. In the first World War 
the French used certain ones of them, under the name of Anilites, 
in small bombs which were dropped from airplanes for the pur- 
pose of destroying personnel. The two liquids were enclosed in 
separate compartments of the bomb, which therefore contained 
no explosive and was safe while the airplane was carrying it. 
When the bomb was released, a little propeller on its nose, actu- 
ated by the passage through the air, opened a valve which 
permitted the two liquids to mix in such fashion that the bomb 
was then filled wdth a powerful high explosive which was so 
sensitive that it needed no fuze but exploded immediately upon 
impact with the target. 

Liquid Oxygen Explosives 

Liquid oxygen explosives were invented in 1895 by Linde who 
had developed a successful machine for the liquefaction of gases. 
The Oxyliquits, as he called them, prepared by impregnating 
cartridges of porous combustible material with liquid oxygen or 
liquid air are members of the general class of Sprcngel explosives, 
and have the unusual advantage from the point of view of safety 

L 1 • • 

that they rapidly lose their explosiveness as they lose their liquid 
oxygen by evaporation. If they have failed to fire in a bore hole, 
the workmen need have no fear of going into the place with a 
pick or a drill after an hour or so has elapsed. 

Liquid oxygen explosives often explode from flame or from the 
spurt of sparks from a miner^s fuse, and frequently need no 
detonator, or, putting the matter otherwise, some of them are 
themselves satisfactory detonators. Like other detonating explo- 
sives, they may explode from shock. Liquid oxygen explosives 
made from carbonized cork and from kieselguhr mixed with 
petroleum were used in the blasting of the Simplon tunnel in 
1899. The explosive which results when a cartridge of spongy 
metallic aluminum absorbs liquid oxygen is of theoretical interest 
because its explosion yields no gas ; it yields only solid aluminum 
oxide and heat, much heat, which causes the extremely rapid 
gasification of the excess of liquid oxygen and it is this which 
produces the explosive effect. Lampblack is the absorbent most 
commonly used in this country. 



Liquid oxygen explosives were at first made up from liquid air 
more or less self-enriched by standing, the nitrogen (b.p. —195®) 
evaporating faster than the oxygen (b.p. —183®), but it was 
later shown that much better results followed from the use of 
pure liquid oxygen. Rice reports that explosives made from 
liquid oxygen and an absorbent of crude oil on kieselguhr mixed 
with lampblack or wood pulp and enclosed in a cheesecloth bag 
within a corrugated pasteboard insulator were 4 to 12% stronger 
than 40% straight nitroglycerin dynamite in the standard Bureau 
of Mines test with the ballistic pendulum. They had a velocity 
of detonation of about 3000 meters per second. They caused the 
ignition of fire damp and produced a flame which lasted for 7.125 
milliseconds as compared with 0.342 for an average permissible 
explosive (no permissible producing a flame of more than 1 milli- 
second duration). The length of the flame was 2% times that of 
the flame of the average permissible. In the Trauzl lead block an 
explosive made up from a liquid air (i.e., a mixture of liquid 
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oxygen and liquid nitrogen) containing 33% of oxygen gave no 
explosion; with 40%' oxygen an enlargement of 9 cc.; with 50% 
80 cc., with 55% 147 cc.; and with 98% oxygen an enlargement 
of 384 cc., about 20%- greater than the enlargement produced by 
60% straight dynamite. The higher temperatures of explosion of 
the liquid oxygen explosives cause them to give higher results in 
the Trauzl test than correspond to their actual explosive power. 

Liquid oxygen explosives are used in this country for open-cut 
mining or strip mining, not underground, and are generally pre- 
pared near the place where they are to be used. The cartridges 
are commonly left in the “soaking box” for 30 minutes, and on 
occasions haVe been transported in this box for several miles. 

One of the most serious faults of liquid oxygen explosives is 
the ease with which they inflame and the rapidity with which 
they bum, amounting practically and in the majority of cases to 
their exploding from fire. Denues has found that treatment of 
the granular carbonaceous absorbent with an aqueous solution 
of phosphoric acid results in an explosive which is non-inflam- 
mable by cigarettes, matches, and other igniting agents. Mono- 
and diammonium phosphate, ammonium chloride, and phosphoric 
acid >vere found to be suitable for fireproofing the canvas wrap- 
pers. Liquid oxygen explosives made up from the fireproofed 
absorbent are still capable of being detonated by a blasting cap. 
Their strength, velocity of detonation, and length of life after 
impregnation are slightly but not significantly shorter than those 
of explosives made up from ordinary non- fireproofed absorbents 
containing the same amount of moisture. 

Chlorate and Perchlorate Explosives 

The history of chlorate explosives goes back as far as 1788 
when Berthollet attempted to make a new and more powerful 
gunpowder by incorporating in a stamp mill a mixture of potas- 
sium chlorate with sulfur and charcoal. He used the materials in 
the proportion 6/1/1. A party had ^een organized to witness the 
manufacture, M. and Mme. Lavoisier, Berthollet, the Commis- 
saire M. de Chevraud and his daughter, the engineer M. Lefort, 
and others. The mill was started, and the party went away for 
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breakfast. Lefort and Mile, dc Chevraud were the first to return. 
The material exploded, throwing tlicm to a considerable distance 
and causing such injuries that they both died within a few 
minutes. In 1849 the problem of chlorate gunpowder w^as again 
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attacked by Augendre who invented a u'hite powder made from 
potassium chlorate 4 parts, cane sugar 1 part, and potassium 
ferrocyanide 1 part. How’cver, no satisfactory propellent powder 
for use in guns has yet been made from chlorate. Chlorate 
powders arc used in toy salutes, maroons, etc., where a sharp 
explosion accompanied by noise is desired, and chlorate is used 
in primer compositions and in practical high explosives of the 
Sprengel type (described above) and in the Cheddites and Silesia 
explosives. 

Many chlorate mixtures, particularly those which contain sul- 
fur, sulfides, and picric acid, are extremely sensitive to blows and 
to friction. In the Street explosives, later called Cheddites be- 
cause they were manufactured at Chedde in France, the chlorate 
is phlegmatized by means of castor oil, a substance which appears 
to have remarkable powers in this respect. The French Commis- 
sion des Substances Explosives in 1897 commenced its first in- 
vestigation of these explosives by a study of those which are 
listed below, and concluded that their sensitivity to shock is 





I 


II 


III 


Potassium chlorate 


75,0 


74.6 


80.0 


Picronitronaphthalene 

Nitronaphthalene 


20.0 


5.5 


12.0 


Starch 




14.9 




Castor oil 


5.0 


5.0 


8.0 



less than that of No. 1 dynamite {75% guhr dynamite) and that 
when exploded by a fulminate cap they show a considerable 
brisance which how'ever is less than that of dynamite. Later 
studies showed that the Cheddites had slightly more force than 
No. 1 dynamite, although they were markedly less brisant be- 
cause of their lower velocity of detonation. After further experi- 
mentation four Cheddites were approved for manufacture in 
France, but the output of the Poudrerie de Vonges where they 
were made consisted principally of Cheddites No. 1 and No. 4. 
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0 No. 1 
Formula 
41 


ONo. 1 
Formula 
GObis 


ONo. 2 
Formula 
60 bt9 M 

Cheddite 
No. 4 


ONo. 5 
Cheddite 
No. 1 


Potassium chlorate 


80 


80 


79 




Sodium chlorate 








79 


Nitronaphthalene 


12 


13 


1 




Dinitrotoluene 




2 


15 


16 


Castor oil 


8 


5 


5 


5 



The Cheddites are manufactured by melting the nitro com- 
pounds in the castor oil at 80°, adding little by little the pul- 
verized chlorate dried and still warm, and mixing thoroughly. 
The mixture is emptied out onto a table, and rolled to a thin 
layer which hardens on cooling and breaks up under the roller 
and is then sifted and screened. 

Sodium chlorate contains more oxygen than potassium chlorate, 
but has the disadvantage of being hygroscopic. Neither salt 
ought to be used in ^mixtures which contain ammonium nitrate 
or ammonium perchlorate, for double decomposition might occur 
with the formation of dangerous ammonium chlorate. Potassium 
chlorate is one of the chlorates least soluble in water, potassium 
perchlorate one of the least soluble of the perchlorates. The latter 
salt is practically insoluble in alcohol. The perchlorates are in- 



trinsically more stable and less reactive than the chlorates, and 
are much safer in contact with combustible substances. Unlike 
the chlorates they are not decomposed by hydrochloric acid, and 
they do not yield an explosive gas when wanned with concen- 
trated sulfuric acid. The perchlorates require a higher tempera- 
ture for their decomposition than do the corresponding chlorates. 

Solubility: Pabts per 100 Parts op Water 

KCIO, NaClO, KCIO* NHXIO* 



At 0* 33 82. 0.7 12.4 

At 100* 56. 204. 18.7 883 



Mixtures of aromatic nitro compounds with chlorate are dan- 
gerously sensitive unless they are phlegmatized with castor oil 
or a similar material, but there are other substances, such as 
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rosin, animal and vegetable oils, and petroleum products, which 
give mixtures which are not unduly sensitive to shock and friction 
and may be handled with reasonable safety. Some of these, such 
as Pyrodialyte and the Steelites, were studied by the Commis- 
sion des Substances Explosives. The former consisted of 85 parts 
of potassium chlorate and 15 of rosin, 2 parts of alcohol being 
used during the incorporation. The latter, invented by Everard 
Steele of Chester, England, contained an oxidized rosin {residee 
in French) which was made by treating a mixture of 90 parts of 
colophony and 10 of starch with 42 Be nitric acid. After washing, 
drying, and powdering, the residee was mixed with powdered 
potassium chlorate, moistened with methyl alcohol, warmed, and 
stirred gently while the alcohol was evaporated. Colliery Steelite 

Steelitb Steelite Steelite Colliery 
No. 3 No, 5 No. 7 Steelite 



Potassium chlorate 75 8333 8730 723-753 

R&idee 25 16.67 1230 233-263 

Aluminum 5.00 

Castor oil 03-1.0 

Moisture 0-1 



passed the Woolwich test for safety explosives and was formerly 
on the British permitted list but failed in the Rotherham test. In 
Germany the Silesia explosives have been used to some extent. 
Silesia No. 4 consists of 80 parts of potassium chlorate and 20 of 
rosin, and Silesia IV 22, 70 parts of potassium chlorate, 8 of 
rosin, and 22 of sodium chloride, is cooled by the addition of the 
volatile salt and is on the permissible list. 

The Sebomites, invented by Eugene Louis, contained animal 
fat which was solid at ordinary temperature, and were inferior to 
the Cheddites in their ability to transmit detonation. Explosifs P 
(potasse) and S (soude) and the Minelites, containing petro- 
leum hydrocarbons, were studied in considerable detail by Dau- 
triche, some of whose results for velocities of detonation are re- 
ported in the table on pages 362-363 w^here they are compared with 
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his results for Cheddite 60, fourth formula.^^ His experimental 
results illustrate very clearly the principle that there is an 
optimum density of loading at w'hich the velocity of detonation 
is greatest and that at higher densities the velocity drops and the 
detonation is incomplete and poorly propagated. The Cheddite 60, 

Explosifs Minelites 
P S A B C 

Pot 4 i:n<ium chlorate 00 90 90 89 

Sodium chlorate 89 

Heavy petroleum oil 3 
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Vaseline 3 4 

Paraffin 10 U 7 7 5 

Pitch 2 



fourth formula, wlicn ignited burns slowly with a smoky flame. 
Explosifs P and S and the Minelites bum while the flame of a 
Bunsen burner is played upon them but, in general, go out when 
the flame is removed. Minelite B, under the designation 0 No. 6 
B, was used by the French dpring the first World War in grenades 
and mines. A similar explosive containing 90 parts of sodium 
chlorate instead of 90 of potassium chlorate was used in grenades 
and in trench mortar bombs. 

The composition of this explosive was the same as that which is given 
in the table on page 359 as that of O No. 2, formula 60 bU M, or Cheddite 
No. 4. 

<2 In several cases Dautriche reported temperatures, but the velocity of 
detonation appears to be unaffected by such temperature variations as 
those between summer and winter. 

Chlorate explosives which contain aromatic nitro compounds 
have higher velocities of detonation and are more brisant than 
those whose carbonaceous material is merely combustible. The 
addition of a small amount of nitroglycerin increases the velocity 
of detonation still farther. Brisant chlorate explosives of this 
sort were developed in Germany during the first World War and 
were known as Koronit and Albit (Gesteinskoronitf Kohlen- 
koronit, Wetteralbit, etc.). They found considerable use for a 
time but have now been largely superseded by low-percentage 
dynamites and by perchlorate explosives. Two of them, manu- 
factured by the Dynamit A.-G., had according to Naoum the 
compositions and explosive characteristics which are indicated 
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Velocity 








Density 


OF 




In Tubes 






OP 


Dkton.\tion, 


Explosive 


or 


Diameteb 


Loading 


M ySEC. 










'0.62 


2137 










1.00 


3044 










1.05 


3185 










U6 


3621 


Explosif P 


copper 


20-22 mm. 




1.48 

1.54 


3475 

Incomplete 










0.99 


2940 










124 


3457 










1.45 


3565 










159 


Incomplete 










^0.95 


2752 










130 


3406 










135 


3340 


Explpsif P 


paper 


29 mm. 




020 


2688 










121 


3308 










136 


3259 










Li.41 


Incomplete 










038 


2480 










125 


2915 










031 


2191 










0.92 


2457 


Explosif S 


copper 


20-22 mm. 




133 


2966 










1.45 


2940 










154 


2688 










156 


Incomplete 










.158 


Incomplete 










'1.05 


2335 










1.16 


2443 


Explosif S 


paper 


29 mm. 




129 


2443 










139 


Incomplete 










.1.47 


Incomplete 








fUl 


3099 



2820 
2457 
30i5 
3156 
2774 
2915 
2843 

Incomplete 

2800 
2930 
3125 
3235 

Incomplete 
Incomplete 
2435 
2835 
3235 
3125 

Incomplete 
2395 
3355 

Incomplete 
2670 
2835 

Incomplete 
Incomplete 
2895 

Incomplete 
2150 
2415 
2550 
3025 
2iS0 

Incomplete 
2895 
2100 
2415 
2750 
2350 
2895 
3235 
3090 

Incomplete 
Incomplete 
2925 
2925 
3165 
2585 
2910 
3180 

Complete 
3100 
3125 

Incomplete 
Incomp^te 

below. It is interesting that the explosive which contained a small 
amount of nitroglycerin was more brisant, as well as softer and 



more plastic, and less sensitive to shock, to friction, and to initi- 
ation than the drier explosive which contained no nitroglycerin. 
It required a No. 3 blasting cap to explode it, but the material 



hich contained no nitroglycerin was exploded by a 


weak No. 1 




Gesteins- 


Gesteins- 




IVOBONIT 


Koronit 




T1 


T2 


Sodium chlorate 


72.0 


75.0 


Vegetable meal 


1.0-2.0 


10-2.0 


Di- and trinitrotoluene 


20.0 


20.0 


Paraffin 


3.<M.0 


3.0-4.0 


Nitroglycerin 


3.0-4.0 





Cheddite 60 
4th formula 



copper 20-22 mm. 



Cheddite 60 
4th formula 



paper 29 mm. 
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Mindlite A 
in powder 



copper 20-22 mm. 



Minilite A 
in powder 



Minilite A 
in grains 



paper 29 mm. 



copper 20-22 mm. ^ 



Minilite B 
in powder 



copper 



20-22 mm. 



MiniUte C 
in powder 



copper 



20-22 mm. 
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Heat of explo:$ion. Cal7kg 1219.0 1241.0 

Temperature of explosion 3265.0** 3300.0® 

Velocity of detonation, mysec 5000.0 4300.0 

Density of cartridge IJ57 1.46 

Lead block expansion 290.0 cc. 280.0 cc. 

Lead block crushing 20.0 mm. 19.5 mm. 

During the first World War when Germany needed to conserve 
as much as possible its material for military explosives, blasting 
explosives made from perchlorate came into extensive use. The 
Germans had used in tlieir trench mortar bombs an explosive, 
called Perdit, which consisted of a mixture of potassium per- 
chlorate 56%, with dinitrobenzene 32% and dinitronaphthalene 
12%. After the W&y, the perchlorate recovered from these bombs 
and that from the reserve stock came onto the market, and 
perchlorate explosives, Perchlorit, Perchloratit, Persalit, Per- 
koronit, etc., were used more widely than ever. The sale of these 
explosives later ceased because the old supply of perchlorate 
became exhausted and the new perchlorate was too higli in price. 
Each of these explosives required a No. 3 cap for its initiation. 
Perchlorate explosives in general are somewhat less sensitive to 
initiation than chlorate explosives. A small amount of nitroglycerin 
in perchlorate explosives plays a significant part in propagating 
the explosive wave and is more important in these compositions 
than it is in ammonium nitrate explosives. Naoum reports the 
following particulars concerning two of the Perkoronites. 
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Perkobo.nit A 


Peskoroxit B 


Potassium perchlorate 


58 


59 


Ammonium nitrate 


8 


10 


Di- and trinitrotoluene, vegetable meal... 


30 


31 


Nitroglycerin 


4 




Heat of e.xplosion, Cuiykg 


. 1170.0 


1160.0 


Temperature of e.xplosion 


. 3145.0® 


3115.0® 


Velocity of detonation, mysec 


. 5000.0 


4400.0 


Density of cartridge 


158 


152 


Lead block expansion 


3400 cc. 


330.0 cc. 


Lead block crushing 


20.0 mm. 


18.0 mm. 



Potassium perchlorate and ammonium perchlorate permissible 
explosives, cooled by means of common salt, ammonium oxalate, 
etc., and containing cither ammonium nitrate or alkali metal 
nitrate with or without nitroglycerin, are used in England, 
Belgium, and elsewhere. They possess no novel features beyond 
the explosives already described. Explosives containing am- 
monium perchlorate yield fumes which contain hydrogen chloride. 
Potassium perchlorate produces potassium chloride. 

Early in the history of these explosives the French Commission 
des Substances Explosives published a report on two ammonium 
perchlorate Cheddites. The manufacture of these explosives, 





I 


II 


Ammonium perchlorate 


82 


50 


Sodium nitrate 




30 


Dinitrotoluene 


13 


15 


Castor oil 


5 


5 



however, was not approved for the reason that the use of castor 
oil for phlegmatizing was found to be unnecessary. Number I 
took fire easily and burned in an 18-mm. copper gutter at a rate 
of 4.5 mm. per second, and produced a choking white smoke. 
Cheddite 60, for comparison, burned irregularly in the copper 
gutter, with a smoke which was generally black, at a rate of 
0.4-0.5 mm. per second. Number II took fire only with the great- 
est difficulty, and did not maintain its own combustion. The 



maximum velocities of detonation in zinc tubes 20 mm. in diam- 
eter were about 4020 meters per second for No. I and about 
3360 for No. II. 

3CG 

The Commission published in the same report a number of 
interesting observations on ammonium perchlorate. Pieces of cot- 
ton cloth dipped into a solution of ammonium perchlorate and 
dried were found to burn more rapidly than when similarly 
treated with potassium chlorate and less rapidly than* when 
similarly treated with sodium chlorate. Ammonium perchlorate 
inflamed in contact with a hot wire and burned vigorously with 
the production of choking white fumes, but the combustion ceased 
as soon as the hot wire was removed. Its sensitivity to shock, as 
determined by the drop test, was about the same as that of picric 
acid, but its sensitivity to initiation was distinctly less. A 50-cm. 
drop of a 5-kilogram weight caused explosions in about 50% of 
the trials. A cartridge, 16 cm. long and 26 mm. in diameter, was 
filled with ammonium perchlorate gently tamped into place 
(density of loading about 1.10) and was primed with a cartridge 
of the same diameter containing 25 grams of powdered picric 
acid (density of loading about 0.95) and placed in contact with 
one end of it. When the picric acid booster was exploded, the 
cartridge of perchlorate detonated only for about 20 mm. of its 
length and produced merely a slight and decreasing furrow in the 
lead plate on which it was resting. When a booster of 75 grams of 
picric acid was used, the detonation was propagated in the per- 
chlorate for 35 mm. The temperature of explosion of ammonium 
perchlorate was calculated to be 1084®. 

The French used two ammonium perchlorate explosives during 
the first World War. , 



Ammoaium perchlor^e 86 615 

Sodium nitrate 30.0 

ParaflRn 14 85 



The first of these was used in 75-mm. shells, the second in 58-mm. 



trench mortar bombs. 

Hydrazine perchlorate melts at 131-132®, burns tranquilly," and 
explodes violently from shock. 

Guanidine perchlorate is relatively stable to heat and to me- 
chanical shock but possesses extraordinary explosive power and 
sensitivity to initiation. Naoum states that it gives a lead block 
expansion of about 400 cc. and has a velocity of detonation of 
about 6000 meters per second at a density of loading of 1.15. 



Ammonium Nitrate Military Explosives 
The Schneiderite {Explosif S or jSc) which the French used 
during the first World War in small and medium-size high- 
explosive shells, especially in the 75 mm., was made by incorpo- 
rating 7 parts of ammonium nitrate and 1 of dinitronaphthalene 
in a wheel mill, and was loaded by compression. Other mixtures, 
made in the same way, were used in place of Schneiderite or as a 
substitute for it. NDNT NtTN 

Ammonium nitrate 77 70 80 85 50 

Sodium nitrate 30 

Trinitrotoluene 30 5 

Trinitroxylene 23 

Dinitronaphthalene 10 

Trinitronaphthalene 20 20 



Amatol, developed by the British during the first World War, 
is made by mixing granulated ammonium nitrate with melted 
trinitrotoluene, and pouring or extruding the mixture into the 
shells where it solidifies. The booster cavity is afterwards drilled 
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out from the casting. The explosive can be cut with a hand saw. 
It is insensitive to friction and is less sensitive to initiation and 
more sensitive to impact than trinitrotoluene. It is hygroscopic, 
and in the presence of moisture attacks copper, brass, and bronze. 

Amatol is made up in various proportions of ammonium nitrate 
to trinitrotoluene, such as 50/50, 60/40, and 80/20. The granu- 
lated, dried, and sifted ammonium nitrate, warmed to about 90®, 
is added to melted trinitrotoluene at about 90®, and the warm 
mixture, if 50/50 or 60/40, is ladled into the shells which have 
been previously warmed somewhat in order that solidification 
may not be too rapid, or, if 80/20, is stemmed or extruded into 
the shells by means of a screw operating within a steel tube. 
Synthetic ammonium nitrate is preferred for the preparation of 
amatol. The pyridine which is generally present in gas liquor and 
tar liquor ammonia remains in the ammonium nitrate which is 
made from these liquors and causes frothing and the formation 
of bubbles in the warm amatol — with the consequent probability 
of cavitation in the charge. Thiocyanates which are often present 
in ammonia from the same sources likewise cause frothing, and 
phenols if present tend to promote exudation. 

The velocity of detonation of TNT-ammonium nitrate mix- 
tures decreases regularly with increasing amounts of ammonium 
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nitrate, varying from about 6700 meters per second for TNT to 
about 4500 meters per second for 80/20 amatol. The greater the 
proportion of ammonium nitrate the less the brisance and the 
greater the heaving power of the amatol. 50/50 Amatol does not 
contain oxygen enough for the complete combustion of its tri- 
nitrotoluene, and gives a smoke which is dark colored but less 
black than the smoke from straight TNT. 80/20 Amatol is less 
brisant than TNT. It gives an insignificant white smoke. Smoke 
boxes are usually loaded with 80/20 amatol in order that the 
artilleryman may observe the bursting of his shells. The best 
smoke compositions for this purpose contain a large proportion 
of aluminum and provide smoke by day and a brilliant flash of 
light by night. 

The name of ammonal is applied both to certain blasting explo- 
sives which contain aluminum and to military explosives, based 
upon ammonium nitrate, which contain this metal. Military am- 
monals are brisant and powerful explosives which explode with 
a bright flash. They are hygroscopic, but the flake aluminum 
which they contain behaves somewhat in the manner of the 
shingles on a roof and helps materially to exclude moisture. At 
the beginning of the first World War the Germans were using 
in major caliber shells an ammonal having the first of the com- 
positions listed below. After the War had advanced and TNT 





German 


Ammonal 


French 




I 


11 


Ammonal 


Ammonium nitrate 


54 


72 


86 


Trinitrotoluene 


30 


12 




Aluminum flakes 


16 


16 


8 


Stearic acid 






6 
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CHAPTER VIII 



NITROAMINES AND RELATED SUBSTANCES 
The nitroamines are substituted ammonias, substances in which 
a nitro group is attached directly to a trivalent nitrogen atom. 
They are prepared in general either by the nitration of a nitrogen 
base or of one of its salts, or they are prepared by the splitting 
off of water from the nitrate of the base by the action of con- 
centrated sulfuric acid upon it. At present two nitroamines are 
of particular interest to the explosives worker, namely, nitro- 
guanidine and cyclotrimethylenetrinitramine (cyclonite). Both 
are produced from synthetic materials \rhich have become avail- 
able in large commercial quantities only since the first World 
War, the first from cyanaraide, the second from formaldehyde 
from the oxidation of synthetic methyl alcohol. 



Nitroamide (Nitroamine) 

Nitroamide, the simplest of the nitroamines, is formed by the 
action of dilute acid on potassium nitrocarbamate, which itself 
results from the nitration of urethane and the subsequent hy- 
drolysis of the nitro ester by means of alcoholic potassium 
hydroxide. 



NHr-COOC,H* NOr-NH-COOK NH*-NO, ^ OO, 

/ \ / 

'N(V-NH— COOCtH, {NOr-NH-COOHl 



Nitroamide is strongly acidic, a white crystalline substance, melt- 
ing at 72-73® with decomposition, readily soluble in water, alco- 
hol, and ether, and insoluble in petroleum ether. It explodes on 
contact with concentrated sulfuric acid. The pure material de- 
composes slowly on standing, forming nitrous oxide and water; 
it cannot be presei^’^ed for more than a few days. When an 

aqueous solution of nitroamide i$ warmed, gas bubbles begin to 
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come off at about 60-65®, and decomposition is complete after 
boiling for a short time. 

The solution which results when ammonium nitrate is dis- 
solved in a large excess of concentrated sulfuric acid evidently 
contains nitroamide. If the solution is warmed directly, no nitric 
acid distils from it but at about 150® it gives off nitrous oxide 
which corresponds to the dehydration of the nitroamide by the 
action of the strong acid. The nitroamide moreover, by the action 
of the same acid, may be hydrated to yield nitric acid, slowly if 
the solution is digested at 90® to 120®, under \vhrch conditions 
the nitric acid distils out, and rapidly at ordinary temperature 
in the nitrometer where mercury is present which reacts with the 
nitric acid as fast as it is formed. 



'minus HjO * N*0 

NH. HONO, minus H,0 ► NH,— NO, 

I plus H,0 ►NH, 4-HONO, 



had become more scarce, ammonal of the second formula was 
adopted. The French also used ammonal in major caliber shells 
during the first World War. All three of the above-listed explo- 
sives were loaded by compression. Experiments have been tried 
with an ammonal containing ammonium thiocyanate; the mix- 
ture was melted, and loaded by pouring but was found to be 
unsatisfactory because of its rapid decomposition. Ammonal 
yields a flame which is particularly hot, and consequently gives 
an unduly high result in the Trauzl lead block test. 



The two reactions, hydration and dehydration, or, more exactly, 
the formation of nitrous oxide and of nitric acid, are more or less 
general reactions of the substituted nitroamines. The extent to 
which one or the other occurs depends largely upon the groups 
which are present in the molecule. Thus, tetryl on treatment with 
concentrated sulfuric acid forms nitric acid, and it gives up one 
and only one of its nitro groups in the nitrometer, but the reac- 
tion is not known by which nitrous oxide is eliminated from it. 
Methylnitramine, on the other hand, gives nitrous oxide readily 
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enough but shows very little tendency to produce nitric acid. 

Solutions of nitrourea and nitroguanidine in concentrated sul- 
furic acid contain actual nitroamide, and these substances give 
up their nitro group nitrogen in the nitrometer. Nitroamide has 
been isolated both from an aqueous solution of nitrourea and 
from a solution of the same substance in concentrated sulfuric 
acid. 

NH,--CO~NH— NO, HNCO + NH,— NO, 

The reaction is reversible, for nitroamide in aqueous solution 

combines with cyanic acid to form nitrourea. 
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Methylnitramine 

Methylnitrainine is produced when aniline reacts with tetryl 
in benzene solution, and when ammonia water or barium hydrox- 
ide solution acts upon dinitrodimethyloxamidc. The structure of 
tetryl was first proved by its synthesis from picryl chloride and 
the potassium salt of methylnitramine. 

Methylnitramine is a strong monobasic acid, very readily 
soluble in water, alcohol, chloroform, and benzene, less soluble 
in ether, and sparingly soluble in petroleum ether. It crystallizes 
from ether in flat needles which melt at 38®. It is not decomposed 
by boiling in aqueous solution even in the presence of an excess 
of alkali. On distillation it yields dimethylnitramine, m.p. 57®, 
methyl alcohol, nitrous oxide and other products. Methylnitra- 
mine owes its acidity to the fact that it is tautomeric. 

CHr-N< ;=± CHr-N-=Nf 

^NO, N)H 



Dimethylnitramine, in which there is no hydrogen atom attached 
to the atom which carries the nitro ^roup, cannot tautomerize, 
and is riot acidic. 

Methylnitramine decomposes explosively in contact with con- 
centrated sulfuric acid. If the substance is dissolved in water, and 
if concentrated sulfuric acid is added little by little until a con- 
siderable concentration is built up, then the decomposition pro- 
ceeds more moderately, nitrous oxide is given off, and dimethyl 
eth^r (from the methyl alcohol first formed) remains dissolved 
iti the sulfuric acid. The same production of nitrous oxide occurs 
even in the nitrometer in the presence of mercury. If ihethyl- 
nitramine find a small amount of phenol are dissolved together 
in water, and if concentrated sulfuric acid is then added little by 
little, a distinct yellow color shows that a trace of nitric acid has 
been formed. The fact that methylnitramine gives a blue color 
witli the diphenylamine reagent shows the same thing. 

Methylnitramine is conveniently prepared by nitrating 
methylurethane with absolute nitric acid, drowning in water, 
neutralizing with sodium carbonate, extracting with ether, and 
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then passing ammonia gas into the ether solution of inethyl- 



nitrourethanC/ 



H4-NH, 



CH,-NH-COOC,Hj 

\ 



CH,-N-t-COOC,H,+ NH, 

I \ 

» 0 .-. \ 

CH,-N- COOCjHj/ CH,-NH-NO,NH, 

NO, ^ 

^NO, 



A white crystalline precipitate of the ammonium salt of niethyl- 
nitramine is deposited. This is dissolved in alcohol, and the 
solution is boiled — whereby ammonia is driven off — and con- 
centrated to a small volume. The product is procured by com- 
pleting the evaporation in a vacuum desiccator over sulfuric acid. 

The heavy metal salts of methylnitramine are primary explo- 
sives, but have not been investigated extensively. 

Urea Nitrate 

Although urea has the properties of an amide (carbamide) 
rather than those of an amine, it nevertheless acts as a monoacid 
base in forming salts among which the nitrate and the oxalate 
are noteworthy because they are sparingly soluble in cold water, 
particularly in the presence of an excess of the corresponding 
acid. The nitrate, white monoclinic prisms which melt at 152® 
with decomposition, is procured by adding an excess of nitric 
acid (1.42) to a strong aqueous solution of urea. The yield is 
increased if the mixture is chilled and allowed to stand for a 
time. Urea nitrate is stable and not deliquescent. It has interest 
as a powerful and cool explosive, but suffers from the disadvan- 
tage that it is corrosively acidic in the presence of moisture. ■ 

Pure urea is manufactured commercially by pumping ammonia 
and carbon dioxide into an autoclave where they are heated 
together under pressure while more of each gas is pumped in. 
Ammonium carbamate is formed at first, this loses water from 
its molecule to form urea, and the autoclave finally becomes 
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filled with a strong solution of urea which is drawn off and 
crystallized. 

2NH, + CO* » NH, HO— CO— NH* ► H,0 + NH,— CO— NH, 

Urea is sometimes incorporated in blasting e.xplosives for the 
purpose of lowering the temperature of explosion. Its use as a 
stabilizer has already been mentioned. 

Nitrourea 

Nitrourea is a cool but powerful explosive, and would be use- 
ful if it were not for the fact that it tends to decompose spon- 
taneously in the presence of moisture. The mechanism of its 
reactions is the same as that of the reactions of nitroguanidine, 
which differs from it in containing an >NH group where nitro- 
urea contains a >CO, but the reactions of nitrourea are very 
much more rapid. The nitro group promotes the urea dearrange- 
ment, so that nitrourea when dissolved in water or when warmed 
breaks down into cyanic acid and nitroamide much more readily 
than urea breaks down under like conditions into cyanic acid 
and ammonia. The imido group in place of the carbonyl hindei*s 
it; guanidine dearranges less readily than urea, and nitroguani- 
dine is substantially as stable as urea itself. 

Nitrourea is prepared by adding dry urea nitrate (200 grams) 
in small portions at a time with gentle stirring to concentrated 
sulfuric acid (1.84) (300 cc.) while the temperature of the mix- 
ture is kept below 0®. The milky liquid is poured without delay 
into a mixture of ice and water (1 liter), the finely divided white 
precipitate is collected on a filter, sucked as dry as may be, and, 
without washing, is immediately dissolved while still wet in boil- 
ing alcohol.^ The liquid on cooling deposits pearly leaflets of 
nitrourea. It is chilled and filtered, and the crystals are rinsed 
with cold alcohol and dried in the air. The product, which melts 
at 146® to 153® with decomposition, is sufliciently pure for use 
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in synthesis, and may be preserved for several years unchanged 
in hard glass bottles. If slightly moist nitrourea is allowed to 
stand in contact with soft glass, that is, in contact with a trace 

^The product at this point contains acid enough to prevent it from 
decomposing in boiling alcohol. Fur u second recrystallization it is unsafe 
to heat the alcohol above 60^. 
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of alkali, it decomposes completely within a short time forming 
water, ammonia, nitrous oxide, urea, biuret, cyunuric acid, etc. 
Pure nitrourea, recrystallized from benzene, ether, or chloro- 
form, in which solvents it is sparingly soluble, melts with decom- 
position at 158.4-158.8®. 

In water and in hydrophilic solvents nitrourea dearranges 
rapidly into cyanic acid and nitroamide. Alkalis promote the 
reaction. If an aqueous solution of nitrourea is warmed, bubbles 
of nitrous oxide begin to come off at about 60®. If it is allowed to 
stand over night at room temperature, the nitrourea disappears 
completely and tlie liquid is found to be a solution of cyanic acid. 
Indeed, nitrourea is equivalent to cyanic acid for purposes of 
synthesis. It reacts with alcohols to form carbamic esters 
(urethanes) and witli primary and second amines to form mono- 
and unsym-di-substituted ureas. 

Guanidine Nitrate 

Guanidine nitrate is of interest to us both as an explosive itself 
and a component of explosive mixtures, and as an intermediate 
in the preparation of nitroguanidine. All other salts of guanidine 
require strong mixed acid to convert them to nitroguanidine, but 
the nitrate is converted by dissolving it in concentrated sulfuric 
acid and pouring the solution into water. 

Guanidine is a strong monoacid base, indistinguishable from 
potassium hydroxide in an electrometric titration. There is con- 
siderable evidence which indicates that the charge of the guani- 
donium ion resides upon its carbon atom. 

NH, NH, 

NH + H+ ;=i NHr-C+ 

Jin iIh, 

Guanidine Quonidonium ion 

Guanidine itself is crystalline, deliquescent, and strongly caustic, 
and takes up carbon dioxide from the air. 

Guanidine w'as first obtained by Strecker in 1861 by the oxida- 
tion with hydrochloric acid and potassium chlorate of guanine 
(a substance found in guano and closely related to uric acid). 
... 375 

Guanidine or its salts may be prepared, among other ways, by 
the interaction (II of <»rthocarbonic ester or (2l of chloropicrin 

1. Ceij NO: + 3NH, ► NHr-C(NH)— NH, -h HNO, + 3HCI 

2 . C(0C,H*)4 + 3NH, ► NH,— C(NH)— NH, + 4C,H,— OH 

with aqueous ammonia at 150®, by the interaction (3) of carbon 
tetrabromide with alcoholic ammonia in a sealed tube at 100®, 

3. CBf 4 + 3NH, ► NH,— C(NH)— NH, + 4HBr 

by the interaction (4) of cyanogen iodide with alcoholic ammonia 
in a sealed tube at 100®, whereby cyanamide and ammonium 
iodide are fonned first and then combine with one another to 

4. I— feN + 2NH, ► NH,— feN + NH, HI ► 

NH,-C(NH)— NHrHI 

form guanidine iodide, by the combination (5) of cyanamide, 



already prepared, w'ith an ammonium salt by heating the mate- 
rials with alcohol in a sealed tube at 100®, and (6) by heating 

6 . NH 4 NCS NH, + HNCS NHr-CS— NH, ^ NH,— feN + H,S 

NH 4 NCS + NHr-feN ► NHr-^(NH)— NH,HNCS 

ammonium thiocyanate at 170-190® for 20 hours, or until hydro- 
gen sulfide no longer comes off, whereby the material is con- 
verted into guanidine thiocyanate. The reaction depends upon 
the fact that the ammonium thiocyanate is in part converted into 
thiourea, and that this breaks down into hydrogen sulfide, which 
escapes, and cyanamide which combines with the unchanged 
ammonium thiocyanate to form the guanidine salt. The yield 
from this process is excellent. 

For many years guanidine thiocyanate was the most easily 
prepared and the most commonly used of the salts of guanidine. 
Other salts w'ere made from it by metathetical reactions. Nitro- 
guanidine, prepared from the thiocyanate by direct nitration with 
mixed acids, was found to contain traces of sulfur compounds 
which attacked nitrocellulose and affected the stability of smoke- 
less powder, and this is one of the reasons why nitroguanidine 
powders did not come into early use. Guanidine thiocyanate is 
deliquescent. Strong solutions of it dissolve filter paper. 
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Cyanamide itself is not a suitable raw material for the prepa- 
ration of gua nil line salts, for it is diffieiilt to prepare and to 
purify, and it polymerizes on keeping. Tlie evaporation of an 
aqueous solution of cyanamide yields the dimer, dicyandi amide, 
and the heating, or even the long keeping, of the dry substance 
produces the triiner, melamine. 



NH,-C(NH)— NH— CsN 

^ Dicyandiftmultt 



NHr-CsN 

Cyanomida 



HN 



NH 

iui \ii 

i=NH 
\ / 

Nil 

Melamina 



Cyanamide, colorless crystals, m.p. .40®, is readily soluble in 
water, alcohol, and ether. An aqueous solution of cyanamide gives 
a black precipitate of copper cyanamide with ammoniaeal copper 
sulfate solution, and a yellow precipitate of silver cyanamide 
with ammoniaeal silver nitrate. The precipitates are almost 
unique among the compounds of copper and silver in the respect 
that they are insoluble in ammonia water. 

Before the development of the cyanamide process for the fixa- 
tion of nitrogen, cyanamide was prepared by the interaction of 
cyanogen chloride or bromide (from the action of the halogen 
on potassium cyanide) with ammonia in water or ether solution. 



KCN + Cl, ► KCI + Cl'-CN 

2NH, + Cl— CN ► NH 4 CI 4- NHr^N 

If the reaction, say, with cyanogen chloride, is carried out in 
ether solution, ammonium chloride precipitates and is filtered 
off, and the cyanamide is procured as a syrup by allowing the 
ether solution to evaporate spontaneously and later as crystals 
by allowing the syrup to stand over sulfuric acid in a desiccator. 
Cyanamide may also be prepared by removing the component 
atoms of hydrogen sulfide from thiourea by means of mercuric 
oxide. Thionyl chloride effects the corresponding removal of water 
from urea. 
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NHr-CS— NH, minus H,S (HgO) ► NH,— CN + HgS + H,0 

NHr-CO— NH, minus H,0 (Cl^SO) ► NH,— CN + SO, + 2HC1 
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The cyananiide process has made cyanamide and its deriva- 
tives more easily available for commercial synthesis. Coke and 
limestone are heated together in the electric furnace for the pro- 
duction of calcium carbide. This substance, along with a small 
amount of calcium chloride which acts as a catalyst, is then 
heated at 800-1000® in a stream of nitrogen gas. 



2CaCOa + 5C ” ♦ 




2Ca<^ + 3CO, 
CaNCN + C 



The resulting dark-colored mixture of calcium cyanamide and 
carbon is known as lime nitrogen (Kalkstickstojf) and is used in 
fertilizers. If steam is passed through it, it yields ammonia. 

CaNCN -h 3HaO (steam) ► CaCO, + 2NH, 

Water, whether cool or warm, produces some cyanamide, which 
is readily soluble, and some calcium hydrogen cyanamide, white, 
microcrystalline, and sparingly soluble, but water plus acid for 
the removal of the calcium (sulfuric acid, oxalic acid, or carbon 
dioxide) yields a solution of cyanamide which is directly appli- 
cable for use in certain reactions. 

/NH— CN 

2CaNCN + 2H,0 ► Ca(OH), + Ca< 

^NH— CN 

/NH— CN 

Ca< + CO, -f H,0 ► CaCO, + 2NH,— CN 

^NH— CN 



On hydrolysis with dilute sulfuric acid it yields urea. On treat- 
ment wdth ammonium sulfide it prefers to react with the hydrogen 
sulfide part of the molecule to form thiourea, not with the am- 
monia part to form guanidine, and the reaction is the commercial 
source of many tons of thiourea for the rubber industry. On 
evaporation for crystals, the solution yields dicyandiamide which 
constitutes a convenient source for the preparation of guanidine 
nitrate. 



Dicyandiamide crystallizes from water in handsome flat needles 
or plates which melt at 208.0-208.1® and decompose if heated 
slightly above the melting point. A saturated aqueous solution 
contains— 



Temperature, *C. 


Gr.\ms 
PER 100 cc. 
OF Solution 


0 


13 


10 


2.0 


20 


3.4 


30 


5D 


40 


73 


50 


11.4 


60 


16.1 


70 


223 


80 


30.0 


00 


37.9 


100 


46.7 


The preparation of guanidine nitrate from die; 



the action of aqua regia has been patented, but the reaction 
evidently depends solely upon the hydrolysis of the cyan group 
and does not require the use of a vigorous oxidizing agent. 
Marqueyrol and Loriette in a French patent of September 26, 



1917, described a process for the preparation of nitroguanidine 
direct from dicyandiamide without the isolation of any inter- 
mediate products. The process depends upon the hydrolysis of 
the dicyandiamide by means of 61% sulfuric acid to form guanyl- 
urea or dicyandiamidine (sulfate) which is then further hydro- 
lyzed to form carbon dioxide, which escapes, and guanidine and 
ammonia, which remain in the reaction mixture in the form of 
sulfates. 

NHr-C(NH)— NH— CN + H,0 » 

Dicyandiamide 

NHr-C(NH)— NH— CO— Nil, + H,0 * 

Guanyiurea 

NH,— C(NH)— NH. + CO, + NH, 

Gtumdin. 

The guanidine sulfate, without removal from the mixture, is then 
nitrated to nitroguanidine.’ The process yields a nitroguanidine 
which is suitable for use in nitrocellulose powder, but it suffers 
from the disadvantages that the dicyandiamide, which corre- 
sponds after all to two molecules of cyanamide, yields in theory 

^ The procedure, under conditions soinewliat different from those de- 
scribed in the patent, is illustrated by our process for the preparation of 
/3-mtroguanidine ; see page 383. 
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only one molecular equivalent of guanidine, that the actual yield 
is considerably less than the theory because of the loss of guani- 
dine by hydrolysis to carbt)n* ilioxide and ammonia, and that 
the final nitration of the guanidine sulfate, which is carried out 
in the presence of water and of ammonium sulfate, requires 
strong and expensive mixed acid. 

Werner and Bell reported in 1920 that dicyandiamide heated 
for 2 hours at 160® with 2 mols of ammonium thiocyanate gives 
2 mols of guanidine thiocyanate in practically theoretical yield. 
Ammonium thiocyanate commends itself for the reaction because 
it is readily fusible. The facts suggest that another fusible am- 
monium salt might work as well, ammonium nitrate melts at 
about 170®, and, of all the salts of guanidine, the nitrate b the 
one which is most desired for the preparation of nitroguanidine. 
When dicyandiamide and 2 mols of ammonium nitrate are mixed 
and warmed together at 160®, the mixture first melts to a color- 
less liquid which contains biguanide (or guanylguanidine) ni- 
trate, which presently begins to deposit crystals of guanidine 
nitrate, and which after 2 hours at 160® solidifies completely to 
a mass of that substance. The yield is practically theoretical. 
The reaction consists, first, in the addition of ammonia to Uie 
cyan group of the dicyandiamide, then in the ammoniolytic split- 
ting of the biguanide to form two molecules of guanidine. 

NHr-C(NH)— NH— CN + NH, HNO, ► 

Dicyandiamide 

NH,-C(NH)— NH— C(NH)— NH,HNO, + NH,HNO, 

Bicuanide nitrate 

2NHr-C(NH)— NHr HNO, 

Guanidine nitrate 

The nitric acid of the original 2 mols of ammonium nitrate is 
exactly sufiicient for the formation of 2 mols of guanidine nitrate. 
But the intermediate biguanide is a strong diacid base; the am- 
monium nitrate involved in its formation supplies only one equiv- 
alent of nitric acid; and there is a point during the early part 
of the process when the biguanide mononitrate tends to attack 
the unchanged ammonium nitrate and to liberate ammonia from 
it. For this reason the process works best if a small excess of 
380 

ammonium nitrate is used. The preparation may be carried out 
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by heating the iimteriala together either in Lire dry state or in an 
autoclave in the presence of water or of alcolioL 

Guanidine nitrate is not deliquescent. It is readily soluble in 
alcohol, very readily in water, and may be reciystallized from 
either solvent. The pure material melts at 215-216®. 

Preparation of Guaniditte Nitrate. An intim:rie mixture of 210 grams 
of dioyandiamkle and -htO gramfl of ammonium nitrate is placed in a 
1 liter round-bottom flask, and the fla^k m arranged for healing in an 
oil bath which has a thermometer in the oil. The oil hath is warmed 
until the thermometer indicates I GO®, and the tempera tu re U held at 
this point for 2 hours. At the end of tlmt time the Mask is removed 
and allowed to cool, and its contents is extracted on the steam bath 
by warming with successive portions of water. The combined solution 
is filtered while hot for the removal of white insoluble jnaterial (am- 
meline and amtnelide), concentrated to a volmne of about a liter, and 
allowed to crystallize. The mother liquors are concentrated to a volume 
of about 250 cc. for a second crop, after the removal of which the 
residual liquors are discarded. The crude guanidine nitrate may be 
recrystallized by dissolving it in the least possible amount of boiling 
water and allowing to cool, etc., or It may be dried thoroughly ami 
used directly for the preparation of nitroguanidine. A small amount 
of ammonium nitrate in it does not Interfere with its conversion to 
nitroguanidine by the action of concentrated sulfuric acid. 

Nitroguanidine 

Nitroguanidine exists in two forms. The a- form invariably 
results when guanidine nitrate is dissolved in concentrated sul- 
furic and the solution is poured into water. It is the form which 
is commonly used in the explosives industry. It crystallizes from 
water in long, thin, flat, flexible, lustrous needles which are tough 
and extremely difficult to pulverize; N„ = 1.518, = a little 

greater than 1.668, = greater than 1.7CS, double refraction 

0.250, When ct-mtroguanidine is decomposed by heat, a certain 
amount of ^-nitroguanidine is found among the products. 

)9-Nitroguanidine is produced in variable amount, usually along 
with some of the cz- com pound, by the nitration of the mixture 
of guanidine sulfate and ammonium sulfate which results from 
the hydrolysis of dicyandiamide by sulfuric acid. Conditions have 

been found, as described later, which have yielded exclusively 
the ^-nvmpmind in more than thirty trials. It crystallizes from 
w'atcr in fernlike clusters of small, thin, elongated plates; N^ — 
1.525, not determined, N.^ = 1,710, double refraction 0.185. 
It is converted into the a-compound by dissolving in concentrated 
sulfuric acid and pouring the solution into water. 

Both and ^-nitroguanidine, if dissolved in hoi concentrated 
nitric acid and allowed to crystallize, yield the same nitrate, 
thick, rbomb-sUapeil prisma which melt at 147® with decomposi- 
tion. The nitrate loses nitric acid slowly in tlie air, and gives 
3-nitroguanidine when recrystallized from water. Similarly, both 
forms recrystallized from strtjng hydrochloric acid yield a hydro- 
chloride wliich crystallizes in needles. These lose hydrogen chlo- 
ride rapidly in the air, and give a -nitroguanidine when recrystal- 
lized from water. The twn forms are alike in all their chemical 
reactions, in their derivatives and color reactions. 

Both forms of nitroguanidine melt at 232“ if the temperature 
ifl raised with moderate slowness, but by varying the rate of heat- 
ing molting points varying between 220® and 250® may be 
obtained. 

Neither form can be converted into the other by solutiem in 
water, and the twm forms can be separated by fractional crystal- 



I 

I 

lization from this solvent. They appear to differ slightly in their 
solubility in water, the two solubility curves lying close together 
but apparently crossing each other at about 25®, w'here the solu- 
bility is about 4.4 grams per liter, and again at about 100“, 
where the solubility is about S2.5 grams per liter. Between these 
temperatures the ^*form appears to be the more soluble. 

Prepare f ion of a-Nitraguanidine. Five hundred cc. of concentrated 
sulfuric add in a 1-1 iter beaker is cooled by immersing the beaker in 
cracked ice, and 400 grams of well -dried guanidine nitrate is added in 
small portions at a time, while the mixture is stirred with a ther- 
mometer and the temperature is not allowed tn rise above 10®. The 
grtanidine nitrate dissolves rapidly, with very little production of heat, 
to form a milky solution. As soon as all crystals have disappeared, 
the milky liquid is poured into 3 liters of cracked ice and water, and 
the mixture is alloAved to stand with chilling until precipitation and 
crystallization are complete. The product is collected on a filter, rinsed 
with water for the removal of sulfuric acid, dissolved in boiling water 
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(about 4 htfits), anil allowed to cT 3 >t;illize hy standing over night. 

Yield 300-3 H) graiws, about of the theory. 

The rapid ctmiing of a solution of a-nitnrgiianidine produces 
small needles, which dry out to a flulTy mass but which arc still 
too coarse to he incorponited properly in colloidcd pow<lcr. An 




Fiouhe 80. a-Nitroguanidine (25X), Small cryi^Lda from the rapid cooling 
of a hot aqueous solution. 

extremely fine powder may be procured by the rapid cooling of 
a mist or spray of hot nitroguanidine solution, either by spray- 
ing it against a cooled surface fiom which the material is re- 
moved continuously, or by allowing the spray to drop through 
a tower up which a counter current of cold air is passing. 

Preparation of P-Nttroguanidine. Twenty-five cc. of 61% aqueous 
sulfuric acid is poured upon 20 grams of dicyandiamide contained in a 
360-cc, round-bottom flask equipped with a reflux condenser. The mix- 
ture warms up and froths considerably. After the first vigorous reac- 
tion has subsided, the material is heated for 2 hours in an oil hath at 
140“ (thermometer in the oil). The reaction ma.^s, chilled in a freezing 

383 

mixture, y treateil with ice-cold nitrating add prepared by mixing 
20 ec. of fuming nitric acid U.50) with 10 cc. of concentrated sulfuric 
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acid (1.84). After the evolution of red fumes has stopped, the mixture 
is heated for 1 hour in the boiling-water bath, cooled, and drowned in 
300 cc. of cracked ice and water. The precipitate, collected on a filter, 
rinsed with water for the removal of acid, and recrystallized from 
water, yields about 6 grams of /s-nitroguanidine, about 25% of the 
theory. 



Saturated solutions of nitroguanidine in 


sulfuric acid of vari- 


ous concentrations contain 


the amounts indicated below. 




Nitroguanidine (Gr.\ms) per 


Concentration op 


100 cc. 


Solvent Sulfuric Acid, % 


at 0® 


at 25* 


45 


5S 


10.9 


40 


3.4 


8.0 


35 


2.0 


52 


30 


U 


3.9 


25 


0.75 


13 


20 


0.45 


1.05 


15 


030 


055 


0 


0.12 


0.42 


Nitroguanidine on reduction is converted first into nitroso- 



guanidine and then into aminoguanidine (or guanylhydrazine). 
The latter substance is used in the explosives industry for the 
preparation of tetracene. In organic chemical research it finds 
use because of the fact that it reacts readily with aldehydes and 
ketones to form products which yield crystalline and easily char- 
acterized nitrates. 



silver acetate is added, and the solution is boiled, then a precipitate 
of metallic silver is formed. 

*2 Two grams of silver acetate, 2 cc. of glacial acetic acid, diluted to 
100 cc., warmed, filtered, and allowe<l to cool. 

Many of the reactions of nitroguanidine, particularly its de- 
composition by heat and the reactions which occur in aqueous 
and in sulfuric acid solutions, follow directly from its dearrange- 
ment. Nitroguanidine dearranges in two modes, as follows. 






-C(NH) 




:NH,”N0, 



HNCNH NH,CN 

Cyaaamldo 




C(NH)-N: 



/NO, 



: NH, + HNCN-NO, 

Kltrocyanamiae 
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NC-N: 






NO, 



\h 



A solution of nitroguanidine in concentrated sulfuric acid com- 
ports itself as if the nitroguanidine had dearranged into nitro- 
amide and cyanamide. When it is warmed, nitrous oxide contain- 
ing a small amount of nitrogen comes off first (from the dehydra- 
tion of the nitroamide) and carbon dioxide (from the hydrolysis 
of the cyanamide) comes off later and more slowly. Long- 
continued heating at an elevated temperature produces ammonia 
and carbon dioxide quantitatively according to the equation, 




Preparation of Bemalaminogitanidine Nitrate {Benzaldehyde Guanyl- 
hydrazeme Nitrate), Twenty-six grams of zinc dust and 10.4 grams of 
nitroguanidine are introduced into a 3(X)-cc, Erlenmeyer fiask, 160 cc. 
of water is added, then 42 cc. of glacial acetic acid at such a rate that 
the temperature of the mixture docs not rise above 40°. The liquid at 
first turns yellow because of the formation of nitrosoguanidine but 

3S4 

becomes colorless again when the rethictioa i.< complete. After all the 
zinc has disiipiyearetl, 1 mol of concent ra toil nitric acid is added, then 
1 mol of benzaldehyde, and the mixture is shaken and scratched to 
facilitate the separation of the heavy granular precipitate of benzal- 
aminoguanidine nitrate. The product, recrystallized from water or from 
alcohol, melts when pure at 100.5°. 

Nitroguanidine and nitrosoguanidine both give a blue color 
with the diphenylamine reagent, and both give the tests described 
below, but the difference in the physical properties of the sub- 
stances is such that there is no likelihood of confusing them. 

Teste for Nitrogiuinidinc. To 0.01 gram of nitroguanidine in 4 cc. of 
cold water 2 drops of saturated ferrous ammonium sulfate solution is 
added, then 1 cc. of 6 N sodium hydroxide solution. The mixture is 
allowed to stand for 2 minutes, and is filtered. The filtrate shows a 
fuchsine color but fades to colorless on standing for half an hour. Larger 
quantities of nitroguanidine give a stronger and more lasting color. 

One-tenth gram of nitroguanidine is treated in a test tube with 5 cc. 
of water and 1 cc. of 50% acetic acid, and the mixture is warmed at 
40-50° until ever>*thing is dissolved. One gram of zinc dust is added, 
and the mixture is set aside in a beaker of cold water for 15 minutes. 
After filtering, 1 cc. of 6% copper sulfate solution is added. The solu- 
tion becomes intensely blue, and, on boiling, gives off gas, becomes 
turbid, and presently deposits a precipitate of metallic copper. If, in- 
stead of the copper sulfate solution, 1 cc. of a saturated solution of 



NH*-<:(NH)— NH--NO, + IhO ► N,0 -h 2NH, 4- CO, 

The production of nitrous oxide is not exactly quantitative be- 
cause of secondary reactions. A solution of nitroguanidine in 
concentrated sulfuric acid, after standing for some time, no longer 
gives a precipitate of nitroguanidine when it is diluted with 
water. 

A freshly prepared solution of nitroguanidine in concentrated 
sulfuric acid contains no nitric acid, for none can be distilled out 
of it, but it is ready to produce nitric acid (by the hydration of 
the nitroamide) if some material is present which will react with 
it. Thus, it gives up its nitro group quantitatively in the nitro- 
meter, and it is a reagent for the nitration of such substances as 
aniline, phenol, acet-p-toluide, and cinnamic acid which are con- 
veniently nitrated in sulfuric acid solution. 

In aqueous solution nitroguanidine dearranges in both of the 
above-indicated modes, but the tendency toward dearrangement 
is small unless an acceptor for the product of the dearrangement 
is present. It results that nitroguanidine is relatively stable in 
aqueous solution; after many boilings and recrystallizations the 
same solution finally becomes ammoniacal. Ammonia, being alka- 
line, tends to promote the decomposition of nitroamide in aqueous 
solution. Also, because of its mass action effect, it tends to inhibit 
dearrangement in the second mode which produces ammonia. If 
nitroguanidine is warmed with aqueous ammonia, the reaction is 
slow. But, if it is warmed with water and a large excess of am- 
monium carbonate, nitrous oxide comes off rapidly, the ammonia 
combines with the cyanamide from the dearrangement, and 
guanidine carbonate is formed in practically quantitative amount. 

Preparation of Guanidine Carbonate from Nitroguanidine. Two hun- 
dred and eight grams of nitroguanidine, 300 grams of ammonium car- 
bonate, and 1 liter of water are heated together in a 2-liter flask in the 
. 386 

water bath. The flask is cquippcil with a reflux <*omlen.ser and with a 
thermometer dipping into the mixture. When the thermometer indicates 
65-70°, nitrous oxide escapes rapitlly, and it is necessary to shake the 
flask occasionally to prevent the undLssolved nitrog^ianidine from being 
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carried up into the neck. The temiierature \s raised as rapidly as may 
be done without the reaction becoming too violent. After all the mate- 
rial has gone into solution, the flask is removed from the water bath 
and the contents boiled under reflux for 2 hdurs by the application of 
a free flame. The liquid is then transferred to an evaporating dish and 
evaporated to dryness on the steam or water bath. During this process 
all the remaining ammonium carbonate ought to be driven olf. The 
residue is taken up in the smallest possible amount of cold water; 
filtered for the removal of a small amount of melamine, and the filtrate 
is stirred up with twice its volume of 95% alcohol which causes the 
precipitation of guanidine carbonate (while the traces of urea which 
will have been formed remain in solution along with any ammonium 
carbonate which may have survived the earlier treatment). The guani- 
dine carbonate is filtered off, rinsed with alcohol, and dried. The filtrate 
is evaporated to dryness, thken up in water, and precipitated with 
alcohol for a second crop — ^total yield about 162 grams or 90% of the 
theory. The product gives no color with the diphenylamine reagent; it 
is free from nitrate and of a quality which would be extremely difficult 
to procure by any process involving the double decomposition of guani- 
dine nitrate. 

In the absence of ammonia and in the presence of a primary 
aliphatic amine, nitroguanidine in aqueous solution dearranges 
in the second of the above-indicated modes, ammonia is liberated, 
and the nitrocyanamidc combines with the amine to form an 
alkylnitrogUanidine. 

HNCN— NO, + CHr-NH, > CHr-NH— C(NH)— NH— NO, 

Nitrocyaiuumde Methylnitroguanklina 

The structure of the N-alkyl,N'-nitroguanidine is demonstrated 
by the fact that it yields the amine and nitrous oxide on hy- 
drolysis, indicating that the alkyl group and the nitro group are 
attached to different nitrogen atoms. 

CHr~NH-C(NH)— Nil— NO, + H,0 ► 

CHi— NH, + NH, -h NtO + CO, 

The same N-alkyl;N'-nitroguanidines are produced by the nitra- 
tion of the alkyl guanidines. 
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Nitroguanidine, \vannc<l with'an aquctms solution of hydrazine, 
yields N-amino,N'-nitroguunidine, white crystals from water, 
m. p. 182®. This substance explodes on an iron anvil if struck 
with a heavy sledge hammer allowed to drop through a distance 
of about 8 inches. It may perhaps have some interest as an 
explosive. 

Flashlcss colloided powder containing nitroguanidine produces 
a considerable amount of gray smoke made up of solid materials 
from the decomposition of the substance. The gases smell of 
ammonia. The powder produces more smoke thaii the other flash- 
less powdera which are used in this country. 

Nitroguanidine decomposes immediately upon melting and can- 
not be obtained in the form of a liquid, as can urea, dicyandi- 
amide, and other substances which commence to decompose when 
heated a few degrees above their melting points. A small quantity 
heated in a test tube yields ammonia, water vapor, a white subli- 
mate in the upper part of the tube, and a yellow residue of mellon 
which is but little affected if warmed to a bright red heat. The 
products which are formed are precisely those which would be 
predicted from the dearrangements, namely, water and nitrous 
oxide (from nitroamide), cyanamide, melamine (from the poly- 
merization of cyanamide), ammonia, nitrous oxide again and 
cyanic acid (from nitrocyanamidc), cyanuric acid (from the 
polymerization of cyanic acid), ammeline and ammelide (from 
the co-polymerization of cyanic acid and cyanamide) and, from 



the interaction and decomposition of these substances, carbon 
dioxide, urea, melam, melem, mellon, nitrogen, prussic acid, cy- 
anogen, and paracyanogen. All these substances have been de- 
tected in, or isolated from, the products of the decomposition of 
nitroguanidine by heat. 

There is no doubt whatever that nitroguanidine is a cool ex- 
plosive, but there appears to be a disagreement as to the tempera- 
ture w'hich it produces. A package of nitroguanidine, exploded at 
night by means of a blasting cap, produces no visible flash. If 
10 or 15 % of the substance is incorporated in nitrocellulose 
powder, it makes the powder flashless, Vieille found that the 
gases from the explosion of nitroguanidine were much less erosive 
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than those from other explosives of comparable force, and con- 
sidered the fact to be in harmony with his general conclusion 
that the hotter explosives are the more erosive. In his experiments 
the explosions were made to take place in a steel l)omb equipped 
with a crusher gauge and with a removable, pcrh)ratcd, steel 
plug through the perforation in which the hot gases from the 
explosion were allowed to escape. They swept away, or eroded 
off, a certain amount of the metal. The plug was weighed before 
and after the experiment, its density had been determined, and 
the number of cubic millimeters of metal lost was reported as a 
tneasure of the erosion. Some of Vieille 'a results are indicated in 
the following table. 
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These experiments were carried out in a bomb of 17.8 cc. ca- 
pacity, which corresponds, for the example cited, td a density 
of loading of 0.219 for the nitroguanidine which was pulverulent 

i^The cordite used ia these experiments was made from 57% nitro- 
glycerin, 5% vaseline, and 38% high nitration guncotton colloided with 
Acetone; the bullisiitc VF of equal amounts by weight of nitroglyccrih and 
high nitration guncotton colloided with ethyl acetate. The black military 
powder was made from saltpeter 75, sulfur 10, and charcoal 15; the black 
sporting powder from saltpeter 78, sulfur 10, and charcoal 12. The blasting 
gelatin contained 04% nitroglycerin and 6% soluble nitrocotton. 
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materia] ^‘firmly agglomerated in a manner to facilitate the nat- 
urally slow combustion of that substance. 

An experiment with 18.11 grams nitroguanidine in a bomb of 
75.0 cc. capacity (density of loading 0.241) showed an erosion 
of 2.29 per gram of explosive. 

The temperature (907®) which Vieille accepted as the tempera- 
ture produced by the explosion of nitroguanidine had been deter- 
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mined earlier by Patart who published in 1904 an account of 
manometric bomb experiments with guanidine nitrate and with 
nitroguanidine. The explosives were agglomerated under a pres- 
sure of 3600 kilograms per square centimeter, broken up into 
grains 2 or 3 mm. in diameter, and fired in a bomb of 22 cc. 
capacity. Some of Patart's experimental results are tabulated 
below. Calculated from these data, Patart reported for guanidine 
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nitrate, covolume 1.28, force 5834, and temperature of explosion 
929®; for nitroguanidine, covolume 1.60, force 7140, and tempera- 
ture of explosion 907®. He appears to have felt that these calcu- 
lated temperatures of explosion were low, for he terminated his 
article by calling attention to the extraordinary values of the 
covolume deduced from the pressures in the closed vessel, and 
subpended a footnote: 



It may be questioned whether the rapid increase of the 
pressure with the density of loading, rather than being the 
consequence of a constant reaction giving place to a con- 
siderable covolume, is not due simply to the mode of de- 
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composition being variable with the density of loading and 
involving a more and more complete decompt>sitii>n of tlie 
explosive. Only an analysis of the gases produced by the 
reaction can determine this point, as it also can determine 
the actual temperature of the defiagration. 

The later studies of Muraour and Aunis have shown that 
the temperature of explosion of nitroguanidine may be much 
higher than Patart calculated, and have given probability to his 
hypothesis that the density of loading has an effect upon the 
mode of the explosive decomposition. These investigators found 
that a platinum wire 0.20 mm. in diameter, introduced into the 
bomb along with the nitroguanidine, was melted by the heat of 
the explosion — a result which indicates a temperature of at least 
1773®C. They pointed out that nitroguanidine, if compressed too 
strongly, may take fire with difficulty and may undergo an in- 
complete decomposition, and hence at low densities of loading 
may produce unduly low pressures corresponding to a co volume 
which is too large and to a temperature of explosion which is too 
low. The pressure of 3600 kilograms per square centimeter, under 
which Patart compressed his nitroguanidine, is much too high. 
Nitroguanidine compressed under 650 kilograms per square centi- 
meter, and fired in a manometric bomb of 22 cc. capacity, at a 
density of loading of 0.2, and with a primer of 1 gram of black 
powdef, gave a pressure of 1737 kilograms per square centimeter; 
compressed under 100 kilograms per square centimeter and fired 
in the same way nitroguanidine gave a pressure of 1975 kilo- 
grams per square centimeter, or .a difference of 238 kilograms. 
In an experiment with a bomb of 139 cc. capacity, density of 



loading 0.2, Muraour and Aunis observed a pressure which, cor- 
rection being made for various heat losses, corresponded to a 
temperature of 1990®. 

Assuming that nitroguanidine explodes to produce carbon di- 
oxide, water, carbon monoxide, hydrogen, and nitrogen, assum- 
ing that the equilibrium constant for the reaction, CO -h H;.0 ^ 
CO3 -h Ha, is 6, and that the molecular heat of formation at con- 

si This assumption however is not true, for powder whicli contains nitro- 
guanidine produces a gray smoko con.sisling of solid decomposition products 
and yields gases which smell of ammonia. 
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stant volume of nitroguanidine is 17.9 Calories, and taking the 
values of Xernst and Wohl ftir the specific heats of the various 
gases, Muraour and Aunis calculated the following values for the 
explosion of nitroguanidine, temperature 2098®, covolumc 1.077, 
force 9660, and pressure (at density of loading 0.20) 2463 kilo- 
grams per square centimeter. They have also calculated the tem- 
perature of explosion of ammonium nitrate 1125®, of “explosive 
NO“ (ammonium nitrate 78.7, trinitrotoluene 21.3) 2970®, and of 
explosive N4 (ammonium nitrate 90, potassium nitrate 5, trini- 
tronaphthalene 5) 1725®, and have found by experiment that the 
last named of these explosives, fired at a density of loading of 
0.30, did not fuse a platinum wire (0.06-mm. diameter) which 
had been introduced along with it into the bomb. 

Nitroguanidine detonates completely under the influence of a 
detonatoi' containing 1.5 gram of fulminate. According to Patart 
40 grams exploded on a lead block 67 mm. in diameter produced 
a shortening of 7 mm. Picric acid under the same conditions 
produced a shortening of 10.5 mm., and Favier explosive {12% 
dinitronaphthalene, 88% ammonium nitrate) one of 8 mm. Mura- 
our and Aunis experimented with nitroguanidine compressed 
under 100 kilograms per square centimeter and with trinitro- 
toluene compressed under 1000 kilograms per square centimeter, 
in a manometric bomb of 22-cc. capacity and at densities of 
loading of 0.13, 0.20, 0.25, and 0.30, and reported that the two 
explosives gave the same pressures. 

During the first World War the Germans used in trench mortar 
bombs an explosive consisting of nitroguanidine 50%, ammonium 
nitrate, 30%, and paraffin 20%. 

Nitrosoguanidine 

Nitrosoguanidine is a cool and flashless primary explosive, very 
much more gentle in its behavior than mercury fulminate and 
lead azide. It is a pale yellow crystalline powder which explodes 
on contact with concentrated sulfuric acid or on being heated in 
a melting point tube at 165®. It explodes from the blow of a car- 

392 

penter’s hammer on a concrete block. Its sensitivity to shock, to 
friction, and to temperature, and the fact that it decomposes 
slowly in contact with water at ordinary temperatures, militate 
against its use as a practical explosive. It may be kept indefinitely 
in a stoppered bottle if it is dry. 

The reactions of nitrosoguanidine in aqueous solution are simi- 
lar to those of nitroguanidine except that nitrogen and nitrous 
acid respectively are formed under conditions which correspond 
to the formation of nitrous oxide and nitric acid from nitroguuni- 
dine. It dearranges principally as follows. 

NH,— C(NH)— NH—NO ^ NH,— NO + HNCNH ^ NH^-CN 

If it is warmed in aqueous solution, the nitrosoamide breaks down 
into water and nitrogen, and the cyanamide polymerizes to dicy- 
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may be prepared direcUy, without isolating this intermediate, 
by the nitration of ethyl eneurea with mixed acid. 



andiamide. The evaporation of tlie solution yields crystals of tlie 
latter substance, A cold aqueous solution of nitrosoguanidine 
acidified with liydrochloric acid yields nitrous acid, and may be 
used for the introduction of a nitroso group into dimethylaniline 
or some similar substance which is soluble in the acidified aqiie- 
ous liquid. 

Preparation of Nitrosoguanidine. Twenty-one grams of nitroguani- 
dine, 11 grams of ammonium chloride, 18 grams of stinc dust, and It ia a diba: 

250 cc. of water in an SOO-cc. beaker are stirred together mechanically 
while external cooling is applied to prevent the temperature from rising 
above 20-25“. After 2 hours or so the gray color of the zinc disappears, 
the mixture is yellow, and on settling shows no crystals of nitroguani- 
dine. The mixture is then cooled to 0“ or below by surrounding the 
beaker with a mixture of cracked ice and salt; it is filtered, and the 
filtratB is discarded. The yellow residue, consisting of nitrosoguanidine 
mixed with zinc oxide or hydroxide and basic zinc chloride, is extracted 
with 4 successive portions of 250 ce. each of water at 65®, The com- 
bined extracts, allowed to stand over night at 0“, depoc^it nitroaoguani- 
dine which is collected, rinsed with water, and dried at 4€°. Yield 
8.0-^.2 grams, 45-52% of the theory. 

The flashlessness of nitrosoguanidine may be demonstrated safely by 
igniting about 0.5 gram of it on the back of the hand. The experiment 
is most striking if carried out in a darkened room. The sample being 
poured out in a conical heap on the back of the left hand, a match 
held in the right hand Is scratched and allowed to burn until the mate- dimethyloxamicle in very strong nitric acid (specific gravity 

393 1.523) without cooling, allowing to stand, and pouring into water, 

rial which composes the burnt head of the match has become thor- Xhiele and Aleycr by dissolving dimethyl ox amide in 

oughly hented. it i. extinpiUhed by and the burnt head U chilled sold- 

then touched to the heap of nitrosoguanidine. The mtrosoguamdine ±:^*j - ^ -j' j n 

, , . , ... j . 1 j f t L . tion, and pouring onto ice. Dimethylox amide is prepared readily 

e.xpJodea with a iishmg sound and with a cloud of gray smoke, but u / .e- t i * ± ^ ■■ T 

' ui fl 1 u * -ru 1 u I i. by the interaction of mcthylamine with an ester of oxalic acid, 

with no Visible fia.-ih whatsoever. The place on the hand where the ^ 

nitrosoguanidine was fired will nerhans itch slishtlv. and the next dav CXX>R 



CH,— N{NO,)^ 



EthylcDedin it r*Jtiiav 






Duutr«th>ii 



.sic acid and forms' neutral salts, the silver salt a 
pulverulent precipitate, the potassium salt needles from alcohol. 
It is sparingly soluble in water, about 1 part in 200 at 25“, and 
is not affected by refluxing with this solvent On refluxing with 
dilute sulfuric acid it gives nitrous oxide, acetalddiyde, and 
glycol. Hale has reported that it explodes spontaneously when 
heated to 180“, in which respect it resembles mercury fulminate 
and nitroglycerin, but that it corresponds in resistance to shock 
more nearly to the relatively insensitive high explosives, like 
TNT and picric acid, which are used as the bursting charges of 
sheila. He found that it is exploded by a 10-inch drop of a 2- 
kilogram weight, the same as picric acid, and reported that it 
withstands the standard 120“ stability test as well as tctryl. 



O0-NCN0,)^Clh 



NH— CH, 



!0— N(NO,)— ClI, 



DiiiitrtKLimDUiy Ip vLOiiriD 



Dinitrodimethyloxamide is very slightly soluble in water, spar- 
ingly in ether and chloroform, and soluble in alcohol from which 
it crystallises in needles which melt at 124“ and decompose at a 
higher temperature. By reduction with zinc and acetic acid in 
alcohol solution it yields dimcthyloxainidc. It is not destroyed 
by refluxing with concentrated hydrochloric acid. Concentrated 
sulfuric acid splits off nitric acid, and the substance accordingly 



Ethy len cdini trami n e 

Ethylenedinitramine, m.p, 174^176“ with decomposition, k 
produced when dinitroethyleneurea is refluxed with water, or it 



gives up its nitro group in the nitrometer. On treatment with an 
excess of oq 11 00 us aminimia or on refluxing with a alight excess 
of barium hydroxide solution, it yields the corresponding salt of 
methyl nitraminc, Haid, Becker, and Dittmar have reported 
that dinitriKiiinethyloxaraidc, like PETN, tetryl, TNT, and picric 
acid, gives no red fumes after 30 days at 100“ w^hile nitrocellulose 
in their experiments gave red fumes after 36 hours and dipenta- 
erythrite hexa nitrate after 8 days, 

Dinitrodimethyloxamide has interesting explosive properties, 
but it is limited in its use because it develops an acidity when 
wet w-ith water. It has been reported that 30 parts of dinitro- 
dimethyloxamide and 70 parts of PETN yield a eutectic which 
melts at 100“ and can be poured as a homogeneous liquid. The 
cast explosive has a velocity of detonation of 8500 meters per 
second which is equal to that of PETN under the best condi- 
tions. The further addition of dimethyl oxalate or of camphor 
lowers the melting point still more and affects the brisance only 
slightly but has a significant phlegmatising action. A mixture of 
PETN 60%, dinitrodimethyloxamide 30%, and dimethyl oxalate 
10% melts at 82' 



and has, when cast, a velocity of detonation 



Fiquhe 90. Ethyleaedmitramine Crystals (60X). 
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maitufacture of plastics and as an accelerator fnr the vulcaniza- 
titm of rubber. It has feebly basic properties and forms a nitrate, 
CrtHi' 2 N 4 '^ 2 HNOa, in,p, 165®j solubie in water, insoluble in alco- 
liol, ether, chloroform, and acetone. The product, CaH|[0«Na, pre- 
pared by nitrating this nitrate and patented by Henning for 
possible use in medicine, was actually cyclonite. Hens later 
patented the same substance as an exphisive compound, cyelo- 
t rime thy lenetr ini tr amine, which he found could be prepared by 
treating hexametliylenetetramine directly with strong nitric acid. 
In his process the tetramine was added slowly in small portions 
at a time to nitric acid (1,52) at a temperature of 20-30“. When 
all was in solution, the liquid was warmed to 55“, allowed to 
stand for a few minutes, cooled to 20“ , and the product precipi- 
tated by the addition of water. The nitration has been studied 
further by Hale who secured his best yield, 68%, in an experi- 
ment in which 50 grams of hexamethylenetetramine was added 
during 15 minutes to 550 grams of 100% nitric acid while the 
temperature was not allowed to rise above 30“ , The mixture was 
then cooled to 0“, held there for 20 minutes, and drowned. 



of 7900 meters per second which is higher than the velocity of 
detonation of cast picric acid. 



D initrod im ethy Isulf amid e 

This substance was first prepared by F ranch imont by dis- 
^Iving 1 part of dimethylsulfamide in 10 parts of the strongest 
nitric acid, and drowning in water. Dimethylsulfamide is pre- 
pared by the interaction of methylaraine and suUuryl chloride in 
chilled absolute ether solution, 

/Cl 0^ /NH-CH, 0^ /N(NOj)— CHi 

O^^NH— ClTi O^^N(NO0-CH, 

DimathyaalTuEtido DlnUradinicthyliulfimiiJa 

Dinitrodimethylsulfamide is very slightly soluble in water, very 
readily in hot alcohol, and moderately in chloroform and benzene. 
Crystals from benzene, m.p. 90“ , The vapor of the substance 
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explodes if heated to about 160“, Dinitrodimethylsulfamide has 
been suggested as an addition to PETN for the ]i reparation of a 
fusible explosive whicli can be loaded by jH>uring. 



Cyclotrimethylenetrinitraminc (Cyclonite, Hexogen, T4). 

The name of cydonittt given to this explosive by Clarence J. 
Bain because of its cyclic structure and cyclonic nature, is the 
one by which it is generally know-n in the United States. The 
Germans call it Hexogen, tlic Italians T4^ 



CH, + 3CH.0 + NH; 



+ 3HNO 



OjclotrUuuUiyEcuDtrhLUmUlQB 






liberated by the reaction tends to be 



The formaldehyde which is 
oxidized by the nitric acid if the mixture is allowed to stand or is 
warmed. It remains in the spent acid after tlrowning and inter- 
feres with the recovery of nitric acid from it. 



bon tetrachloride, very slightly soluble in hot benzene, and solu- 
ble 1 part in about 135 parts of boiling xylene. It is readily solu- 
ble in lud aniline, phenol, ethyl Ijenzoutc, and nitrobenzene, from 
all of which it crystallizes in needles. It is moderately soluble in 
hot acetone, about 1 part in S, and is conveniently rcerystallized 
from this solvent from which it is deposited in beautiful, trans- 
parent, sparkling pristm. It tUssolves very slowly in ctdd concen- 
trated sulfuric acid, and the solution decomposes on standing. It 
dissolves readily in warm nitric acid (1.42 or stronger) and sep- 
arates only partially again w!ien the liquid is cooled. The chemi- 
cal reactions of cyclonitc indicate that the cyclotrimethylenetri- 
nitramine formula which Herz suggested for it is probably correct, 
Cyclonite is hydrolyzed slowly ’when the finely powdered mate- 
rial is boiled with dilute sulfuric acid or with dilute caustic soda 



Fiouna 91. George C. Hale. Hus studied cyclonite, ethy lenedi nit ramlne, 
and many other explodiv'ea. Author of numerous iaventious and! publicu- 
tions in the held of mUitury powder and explosives. Chief Chemi:<t. Ptcu- 
tiuny Ar^ual, 1921-1929; Chief of the Chemicul Department, Picutinny 
Arsenal, 1929 — . 



Cyclonite, prepared by the nitration of hexamethylenetetra- solution, 
mine, is derivetl ultimately from no other raw materials than 
coke, air, and water It has about the same power and brisance 
as PETN, and a velocity of detonation under the most favorable 
conditions of about 8500 meters per second. 

Hexamethylenetetramine, CnHi^N^, is obtained in the form of 
colorless, odorless, and practically tasteless crystals by the evapo- 
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ration of an aqueous solution of formaldehyde and ammonia. 

It is used in medicine under the names of Methenamine, llexa~ 
mine, Cystamine, CyUogen, and Urotropine, administered orally 
as an antiseptic for the urinary tract, and in industry in the 



CiHtOiNi -h 6HA) 



3NH* + aCHiO + 3HNO, 



Quantitative experiments have shown that half of its nitrogen 
appears as ammonia. If the hydrolysis is carried out in dilute 
sulfuric add solution, the formaldehyde is oxidized by the nitric 
acid and nitrous acid is formed. 

If cyclonite is dissolved in phenol at 100“ and reduced by 
means of sodium, it yields niethyl amine, nitrous acidi and prussic 
acid. Finely powdered cyclonite, suspended in 80% alcohol and 
treated with sodium amalgam, yields m ethy lam ine, ammonia, ni- 
trous acid, and formaldehyde, a result which probably indicates 



POOR MAN’S JAMES BOND Vol . 2 



457 



CHEMISTRY OF EXPLOSIVES 



that both hydrolysis and reduction occur under these conditions. 

When a large crystal of cyclonite is added to the diphenylamine 
reagent, a blue color appears slowly on the surface of the crystal. 
Powdered cyclonite gives within a few seconds a blue color which 
rapidly becomes more intense. If cinnamic acid is dissolved in 
concentrated sulfuric acid, and if finely powdered cyclonite is 
added while the mixture is stirred, gas comes off at a moderate 
rate, and the mixture, after standing over night and drowning, 
gives a precipitate which contains a certain amount of p-nitro- 
cinnamic acid. 

In the drop test cyclonite is exploded by a 9-inch drop of a 

2-kilocram weight. For the detonation of 0.4 gram, the explosive 
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requires 0.17 gram of mercury fulminate. It fails to detonate 
when struck with a fiber shoe, and detonates when struck with a 
steel shoe, in the standard frictional impact test of the U. S. 
Bureau of Mines. In 5 seconds it fumes off at 290®, but at higher 
temperattires, even as high as 360®, it docs not detonate. 
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CHAPTER IX 



PRIMARY EXPLOSIVES. DETONATORS, AND 
PRIMERS 



Primary explosives explode from shock, from friction, and from 
heat. They are used in primers where it is desired by means of 
shock or friction to produce fire for the ignition of powder, and 
they are used in detonators where it is desired to produce shock 
for the initiation of the explosion of high explosives. They are 
also used in toy caps, toy torpedoes, and similar devices for the 
making of noise. Indeed, certain primary explosives were used 
for this latter purpose long before the history of modern high 
explosives had yet commenced. 

Discovery of Fulminating Compounds 

Fulminating gold, silver, and platinum (Latin, fulmen, light- 
ning flash, thunderbolt) are formed by precipitating solutions of 
these metals w'ith ammonia. They are perhaps nitrides or hy- 
drated nitrides, or perhaps they contain hydrogen as 'well as 
nitrogen and water of composition, but they contain no carbon 
and must not be confused with the fulminates which are salts of 
fulininic acid, They are dangerously sensitive, and are 

not suited to practical use. 

Fidminating gold is described in the writings of the pseudony- 
mous Basil Valentine,^ probably written by Johann Tholdc (or 
Tholden) of Hesse and actually published by him during the 
years 1602-1604. The author called it Goldkalck, and prepared 
it by dissolving gold in an aqua regia made by dissolving sal 
ammoniac in nitric acid, and then precipitating by the addition 
of potassium carbonate solution. The powder 'vv^as washed by 
decantation 8 to 12 times, drained from water, and dried in the 
air where no sunlight fell on it, ''and not by any means over the 
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fire, for, as soon as this powder takes up a very little heat or 
warmth, it kindles forthwith, and does remarkably great damage, 
when it explodes with such vehemence and might that no man 
would be able to restrain it.^^ The author also reported that 'warm 
distilled vinegar converted the powder into a material which was 
no longer explosive. The name of aurum fulminans was given to 
the explosive by Beguinus who described its i)reparation in his 
T yrocinium Chymicum^ printed in 1608. 



Fulminating gold precipitates when a solution of pure gold 
chloride is treated with ammonia water. Tlie method of prepara- 
tion described by Basil Valentine succeeds because the sal am- 
moniac used for the preparation of the aqua regia supplies the 
necessary ammonia. If gold is dissolved in an aqua regm pre- 
pared from nitric acid and common salt, and if the solution is 
then treated with potassium carbonate, the resulting precipitate 
has no explosive properties. Fulminating gold loses its explosive 
properties rapidly if it is allowed to stand in contact with sulfur. 

Fulminating gold was early used both for war and for enter- 
tainment. The Dutch inventor and chemist, Comelis Drebbel, 
being in the service of the British Navy, devoted considerable 
time to the preparation of fulminating gold and used his material 
as a detonator in petards and torpedoes in the English expedition 
against La Rochelle in 1628. Pepys, in his diary for November 
11, 1663, reports a conversation 'with a Dr. Allen concerning 
aurum fulminans “of which a grain . . . put in a silver spoon 
and fired, will give a blow like a musquett and strike a hole 
through the silver spoon downward, without the least force up- 
ward.” 

Fulminating silver was prepared in 1788 by Berthollet who 
precipitated a solution of nitrate of silver by means of lime water, 
dried the precipitated silver oxide, treated it with strong ammonia 
water which converted it into a black powder, decanted the 
liquid, and left the powder to dry in the open air. Fulminating 
silver is more sensitive to shock and friction than fulminating 
gold. It explodes when touched; it must not be enclosed in a 
bottle or transferred from place to place, but must be left in the 
vessel, or better upon the paper, where it was allowed to dry. 

The black material which deposits in a reagent bottle of am- 
moniacal silver nitrate, and sometimes collects on the rim and 
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around the stopper, contains fulminating silver. Explosions are 
reported to have been caused by the careless turning of the glass 
stopper of a bottle containing this reagent. After a test (for alde- 
hyde, for example) has been made with ammoniacal silver nitrate 
solution, the liquid ought promptly to be w'ashed dowm the sink, 
and all insoluble matter left in the vessel ought to be dissolved 
out with dilute nitric acid. 

Fulminating platinum was first prepared by E. Davy, about 
1825, by adding ammonia water to a solution of platinunl sulfate, 
boiling the precipitate with a solution of potash, washing, and 
allowing to dry. It was exploded by heat, but not easily by per- 
cussion or friction. 

Fourcroy prepared a fulminating mercury by digesting red 
oxide of mercury in ammonia water for 8 or 10 days. The mate- 
rial became white and finally assumed the form of crystalline 
scales. The dried product exploded loudly from fire, but under- 
went a spontaneous decomposition when left to itself. At sligitly 
elevated temperatures it gave off ammonia and left a residue of 
mercury oxide. 

In the Journal de physique for 1779 the apothecary, Bayen, 
described a fulminating mercurial preparation of another kind. 
Thirty parts of precipitated, yellow oxide of mercury, washed 
and dried, was mixed with 4 or 5 parts of sulfur; the mixture 
exploded with violence when struck with a heavy hammer or 
when heated on an iron plate. Other mixtures w^hich react ex- 
plosively when initiated by percussion have been studied more 
recently, metallic sodium or potassium in contact with the oxide 
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or the chloride of silver or of mercury or in contact with chloro- 
form or carbon tetrachloride. 

The explosion of chloroform in contact’ with an alkali metal may be 
demonstrated by means of the apparatus illustrated in Figure 92. 
About 0.3 gram of sodium or of potassium or of the liquid alloy of the 
two is introduced into a thin-wall glass tube, or, better yet, is sealeil 
up in a small glass bulb, 6 to 8 mm. in diameter, which has a capillary 
15 to 20 mm. in length. The tube or bulb containing the alkali metal 
is placed in the bottom of a narrow test tube into which 1 or 2 cc. of 
chloroform has already been introduced, and the apparatus is then 
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ready for the experiment. Or, if it is desired to prepare in advance an 
explosive capsule which can safely be kept as long as desired, then the 
bulb is held in place at the bottom of the test tube by a collar of glass 
(a section of glass tubing) sintered to the inner wall of the test tube, 
and the top of the test tube is drawn down and sealed. When the pre- 
pared test tube or capsule is dropped onto a concrete pavement from 





Th!n*waH 
glass tube 



Chloroform 



Figure 92. Apparatus for Demonstrating the Explosion of Chloroform 
with an Alkali Metal. 



a height of 6 feet, a loud explosion is produced accompanied by a 
bright flash which is visible even in the direct sunlight. The chemical 
reaction is as follows, each one of the three chlorine atoms of the 
chloroform reacting in a different manner. 



6CHC1, -h 6Na 



6NaCl + 6HCI + 




Mercury fulminate appears to have been prepared for the first 
time by Johann Kunckcl von Lowenstern (1630-1703), the same 
chemist who discovered phosphorus and ai>plied the purple of 
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Cassius practically to the nianuYiicture of ruby glass. In his post- 
humous Laboratorium Chymicum he says: 

Further evidence that mercury is cold is to be seen when 
vou dissolve it in aqua jortis (nitric acid), evaporate the 
solution to dryness, pour highly rectified spiritum vini (alco- 
hol) over the residue, and then warm it slightly so that it 
begins to dissolve. It commences to boil with amazing vigor. 

If the glass is somewhat stopped up, it bursts into a thou- 
sand pieces, and. in consequence, it must by no means be 
stopped up. I once dissolved silver and mercury together in 



aqua jortu and poured over it an excess of spiritum vini, and 
set the mixture to putrify in fimum equinmn (horse manure) 
after having stopped up the glass with mere sealing wax 
only. AVhen it happened a few days later that the manure 
became a little warm, it made such a thunder-crack, with 
the shattering of the glass, that the stable-servant imagined, 
since I had put it in a box, either that stnneone had shot at 
him through the window or that the Devil himself was active 
in the stable. As soon as I heard this news, I was able easily 
to see that the blame was mine, that it must have been my 
glass. Now this was with silver and mercury, 2 loth of each. 
Mercuiy does the same thing * alone, but silver not at all. 

^ Kunckcl’s meaning in the lust senten(*e is evidently that mercury nitrate 
reacts with alcohol on warming, and that silver nitrate does not react wdth 
alcohol unrler the same conditions. 

The preparatiftn and properties of mercury fulminate were 
described in much detail by Edward Howard in 1800 in a paper 
presented to the Royal Society of London. The method of prep- 
aration which he found to be most satisfactory was as follows: 
100 grains of mercury was dissolved by heating in 1% drams of 
nitric acid (specific gravity 1.3), the solution was cooled and 
added to 2 ounces of alcohol (specific gravity 0.849) in a glass 
vessel, the mixture was warmed until effervescence commenced, 
tiie reaction was allowed to proceed to completion, and the pre- 
cipitate which formed was collected on a filter, washed with dis- 
tilled water, and dried at a temperature not exceeding that of 
the water bath. Howard found that the fulminate was exploded 
by means of an (dectric spark or by concentrated sulfuric acid 

brought into contact with it. When a few grains were placed on a 
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cold anvil and struck with a cold hammer, a very stunning dis- 
agreeable noise was produced and the faces of the hammer and 
anvil were indented. A few grains floated in a tinfoil capsule on 
hot oil exploded at 368®F. (186.7®C.). When a mixture of finc- 
and coarse-grain black powder was placed on top of a quantity 
of fulminate and the fulminate was fired, the black powder was 
blown about but it was not ignited and was recovered unchanged. 
Howard also attempted by means of alcohol to produce fulminat- 
ing compounds from gold, platinum, antimony, tin, copper, iron, 
lead, nickel, bismuth, cobalt, arsenic, and manganese, but silver 
was the only one of these metals with which he liarl any success. 

Brugnatelli in 1802 worked out a satisfactory method for the 
preparation of silver fulminate by pouring onto 100 grains of 
powdered silver nitrate first an ounce of alcohol and then an 
ounce of nitric acid. After the fulminate had precipitated, the 
mixture was diluted with water to prevent it from dissolving 
again and immediately filtered. Silver fulminate explodes more 
easily from heat and from friction than mercury fulminate and 
is more spectacular in its behavior. It quickly became an object 
of amateur interest and public w'ondcrment, one of the standard 
exhibits of street fakirs and of mountebanks at fairs. Liebig, w*ho 
was born in 1803, saw a demonstration of silver fulminate in the 
market place at Darmstadt wdien he was a boy. He watched the 
process closely, recognized by its odor the alcohol w’hich was 
used, went home, and succeeded in preparing the substance for 
himself. He retained his interest in it, and in 1823 carried out 
studies on the fulminates in the laboratory of Gay-Lussac at 
Paris. 

Mercury Fulminate 

The commercial preparation of mercury fulminate is carried 
out by a process w'hich is essentially the same as that wdiich 
Howard originally recommended. Five hundred or 600 grams of 
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mercury is used for each batch, the operation is practically on 
the laboratory scale, and several batches arc run at the same 
time. Since the reaction produces considerable frothing, capacious 
glass balloons are used* The fumes, which are poisonous and 
infiammable, are passed through condensers, and the condensate, 
which contains alcohol, acetaldehyde, ethyl nitrate, and ethyl 
nitrite, is utilised by mixing it with the alcohol for the next batch. 
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Pure fulminate is white, but the commercial material is often 
grayish in color. The color is improved if a small amount of 
cupric chloride is added to the nitric acid solution of mercury 
before it is poured into the alcohol in the balloon, but the result- 
ing white fulminate is actually less pure than the unbleached 
material. 

Prcj^arul'mi c/ liJvrcmij Fidmimtc. Five grnms of mcmiry Ik iidderl 
to 115 cc. of nitric add (?^]>ccifje gmvity 1.42) in ii 100-cc. Erlentneyer 




Ficvhe 93. Fulminate Manufacture. fCanrlcpy Atlas Powder Company.) 
At left, flaj^ks in wliirh mpreury is dissolved in niliic add. At right, 
balloons in whidi the reaction with alcohol occurs. 



and the mixture is allowed to stand without shaking imtil the 
mercury has gone into .‘^ohition. The acid liquid is then potired into 
50 cc. of 00% alcohol in a 500-cc, Ijcaker in the hood. The temperature 
of the mixture rises, a vigorous reaction commences, white fumes come 
off, and trystiils eyf fuliiiinriTc swm Ijcgin To precipitate. Red fumes 
ap]icar and ihc prcnpitaliou of the fulminate iHaoiues more ra]iid, 
then white funicsi again as the reaction inuiierates. After about 20 
uiimites the rcuctiuJi is over; water is addccl, and the erystaks are 
washed with water reiJOatedly by decantation inilil the washings are 
no longer iicid to litmus. Tlie i^rotiuct consists of grayisii-yehovv c^yi^taI^^, 
and correspondis to a good grade of commercial fulminate. It may Ik: 
obtained white and entirely pure by dissolving in strong ammonui 
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water, filtering, and reprecipitating by the addition of 30% acetic acid. 
The pure fulminate is filtered off, washed several times Avitii cold water, 
and stored under water, or, if a \'ery small amount is desired for 
experimental purifoses, it is dried in a desiccator. 



(3) The isonitrosoaeetaldchydc is oxidized to isonitrosoRcetie 
add, and (41 this is nitrated by the nitrtjgcn dioxide which is 
present to form nitroisonitrosoacetic acid. 



CH— CHO 
A— OH 



CH— COOH 

i 



NOi 

(!;-cooh 



-OH 

r^aiutrosQiuietic nf;id 



N— OH 

N]trol»nitro3Dfir«tic^ aeid 



(6) The nitroisonitrosoacetic acid loses carbon dioxide to form 
forraonitrolic acid which (6) decomposes further into nitrous 
acid and fulminic acid, and (7) the fulminic acid reacts with the 
mercury nitrate to form the sparingly soluble mercury fulminate 
w'hich precipitates. 



NO, 

c4oo3'h 


[NO,1 

niTI \ ^ 


HONC 

1 


11 — 








K-OH 



K-OH 



Hg(ONC), 



romionliroUL' nold Mcicnrr falniliiiLta 

Fulminate can be prepared from acetaldehyde instead of from 
alcohol, and from substances which arc c(invcrtil>lc into acetalde- 
hyde, such as paraldehyde, met aldehyde, dimethyl- and dicthyl- 
acetal. Methyl alcohol, formaldehyde, propyl alcohol, hutyralde- 
hyde, glycol, and glyoxal do not yield fulminate. 

Fulminate can, however, be prepai'cd from a compound whidi 
contains only one carbon atom. The sodium salt tif nitrom ethane 
gives with an aqueous solution of mercuric cldoride at 0® a white 
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precipitate cif tlic mercuric salt of nitromethane which gradually 
becomes yellow and w^hich, digested with wann dilute hydro- 
chloric acid, yields mercury fulminate. 



yyO 

Cfl,=-N( 

^ONa 



C O' 

— ^OHgO 






epH 



eii 






ONO 

ONC 



SiKlium fulminate, soluble in water, has a molecular weight which 
corresponds to the simple monomolecular foniiula, NaONC. 
These facts, taken together with t lie fact that mercury fulminate 
warmed ivith concentrated aqueous hydrochloric acid yields liy- 
droxylamine and formic acid, prove tliat fulminic acid is the 
oxime of carbon monoxide. 



HO— N=C“’ + 2HA> — » HO— NHa + H— COOH 

Mercury fulminate dissolves readily in an aqueous solution of 
potassium cyanide to form a complex compound from which it 
is repredpitated by the addititm of strong acid. It dissolves in 
pyridine and precipitates again if the solution is poured into 
water, A sodium thiosulfate solution dissolves mercuiy fulminate 
with the formation of mercury tetrathionate and other inert 
compounds, and this reagent is used both for the destruction of 
fulminate and for its analysis. The first reaction appears to be 
as follows. 



The chemical reactions in the preparation appear to be as 
follows. (1) The alcohol is oxidized to acetaldehyde, and (2) the 
nitrous acid w^hich is fonned attacks the acetaldehyde to form a 
nitroso derivative which goes over to the more stable, tautomeric, 
isonitroso form. 

CHa— CHO CH— CHO 

CHr-CHz-CH CHr-CHO ^ I ^ 1l 

NO N-OH 

NitrtiHdAc^etaldehji^e I»anitnMoai«±ipidelt^dA 



Hg(ONC)s + 2NnADi 4- ^ + 2NaOH + NaCN + NaNCO 

The cyanide and cyanate are salts of weak acids and are largely 
hydrolyzed, and the solution, if it is titrated immediately, ap- 
pears to liave developed four molecules of sodium hydroxide for 
every molecule of mercury' in the sample which was taken. If the 
solution is allowed to stand, the alkalinity gradually decreases 
because of a secondary reaction w' hereby sulfate and thioeyanate 
are formed. 
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HgSjOt + KaCN + NaNCO + 2NaOH * 

HbSO* + + 2NaNCS + H,0 

This reaction is restrained by a large excess of thiosulfate, and 
even more effectively by potassium iodide. A moderate excess of 
thiosulfate is commonly used^ and an amount of potassium iodide 




FiGfHE &4. Mercury Fuluiinato ill's for Uso in Primer Comi^Oifition 

mx). 



equal to 10 limes the wciglit of the fulminate, and tlic titration 
for acidity (methyl orange indicator) is made as rapidly as pos- 
sible. After that, the same solution is titrated with iodine (starch 
indicator) to determine the amount of unused thiosulfate and 
hence, by another method, the amount of actual fulminate in the 
sample. Speed is not essential in the second titration, for the 
iodine value does not eliangc greatly with lime as does the alka- 
linity, Blank determinations ouglit to be made because of the 
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possibility that the iodide may contain iodate, and the apparent 
analytical results ought to be corrected accordingly. 

Mercury fulminate has a specific gra\dty of 4,45, but a mass 
of the crystals when merely shaken down has an apparent density 
(gravimetric density) of about 1.75. In detonators the material 
is usually compressed to a density of about 2.5, but densities as 
high as 4.0 have been obtained by vigorous compression. Mercury 
fulminate crystallizes from water in crystals which contain 
from alcohol in crystals which arc anhydrous. One liter 
of water at 12^ dissolves 0.71 gram, at 49° 1,74 grams, and at 
100° 7.7 grams. 

Mercury fulminate is usually stored under water, or, where 
there is danger of freezing, under a mixture of ivater and alcohol. 
\\1ien wet it is not exploded by a spark or by ordinary shock, 
but care must be taken that no part of the individual sample 
is allowed to dry out, for wet fulminate is exploded by the explo- 
sion of dry fulminate. It is not appreciably affected by long 
storage, either w^et or dry, at moderate temperatures. At the tem- 
perature of the tropics it alowdy deteriorates and loses its ability 



to explode. At 35°C. (95° F.) it becomes completely inert after 
about 3 years, at 50°C. (122°F.) after about 10 months. The 
heavy, dark-colored product of the deterioration of fulminate is 
insoluble in sodium thiosulfate solution. 

A\’hen loaded in commercial detonators mercuiy fulminate is 
usually compressed under a pressure of about 3000 pounds per 
square inch, and in that condition has a velocity of detonation 
of about 4000 meters per second, explodes from a spark, and, in 
general, has about the same sensitivity to fire and to shock as 
the loosely com]:jrcssed umterial. IVhen compressed under greater 
and greater pressures, it gradually loses its property of detonating 
from fire* After being pressed at 25,00(L30,000 pimnds per square 
inch, mercury fulminate becomes "dead pressed" and no longer 
explodes from fire but merely burns. Dead-pressed fulminate 
however i.s cxi>loded by loosely pressed fulminate or other initial 
detonating agent, and then sluiws a higlier velocity of detonation 
tlian when cmjijn'cssed at a lower density. 



The teni]>erature at w'hicli mercury fulminate explodes depends 
U[Kin tlie rate at wliirU it is heated and, to some extent, upon the 
state id subdivision of the sample. AVohler ami Matter experi- 
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mented wdth small partieles of various primary explosives, heated 
in copi>cr capsules in a hath of Wood^s metal. If a sample did not 


explode within 20 seconds, the temperature of 


tlie hath w^as 


raised 10° and a new suu[]de was tried. The temperatures at 


w’hich explosit)ns occurred were as follows* 




Mercury fulminate . 

Sodium fulminule 


190® 

150® 

190® 

90® 

130® 

290® 


N iiTOgcn suUide 

Benzenediazonium nitrate 

Chi Gratotrimcmiml deli jde 

Silver azide , * 


Baaic mercury nitrometliane 


160" 



In a later series of experiments AVohler and Martin studied a 
large number of fulminates and azides. The materials were in 
the form of microcry^stalline pow'ders, and all w*ere compressed 
under the same pressure info pellets w'cighing 0.02 gram. The 
temperatures at which explosions occurred within 5 seconds w^ere 
as follovva. 



Memiry rulminate 215” 

Silver fulmin:ite 170“^ 

Copper fulminsite . . 205" 

Cadmiiitn fuImmEitc 215° 

Sodium fiiimiimte .... 215” 

Potassium fulminntc 225" 

Thullium fulminatG , . 120* 

Cobalt Eizidt* 148" 

Burium HZide 152® 

Cukiuin uEidc ISS® 

Strontium uzitlr 169® 

Citprous ELEidc 174® 

Nickel usiide . . 200® 

Mu.ngune.se nziife 203® 

Lilhiiim uzulc 245° 

Mercurous azide 2S1® 

7Anc aziile 2S0“ 

Cadmium iotidc 291“ 

Silv'er tizidc 297° 

Lead azide 327” 



Wohler and Martin in the same year also reptirted deter- 
minations of the smallest amounts of certain fulminates and 
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azides necessary to cause the detonation of various high ex- 
plosives* 
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Smallest Amount 
(Grams) Which Will 
Cause Detonation of: 


Tetryl 


Picric 

Acid 


Trinitro- 

toluene 


Trinitro- 

anisol 


Trinitro- 

xylene 


C;ulmiuiii azide 


0.01 


0.02 


0.04 


O.l 




Silver azide 


0.02 


0.035 


0.07 


0.26 


0.25 


I^ad azide 


0.025 


0.025 


0.00 


0.28 




Cuprous azide 


0.025 


0,045 


0,095 


0.375 


0.40 


Mercurous azide 


0.045 


0.075 


0.145 


0.55 


0.50 


Thallium azide 


0.07 


0.115 


0.335 






Silver fulminate 


0,02 


0.05 


0.095 


0.23 


0.30 


Cadmium fulminate .... 


0.008 


0.05 


0.11 


0.26 


0.35 


Copper fulminate 


0.025 


0.08 


0.15 


0.32 ' 


0.43 


Mercury fulminate 


0.29 


0.30 


0.36 


0.37 


0.40 


Thallium fulminate 


0.30 


0,43 









From ther^c data it is ai)parcnt that mercury fulminate is by 
no means the most efficient initiating agent among the fulminates 
and azides. Silver fulminate is about 15 times as efficient as 
mercury fulminate for exploding tetryl, but only about % as 
efficient for exploding trinitroxylene. Mercury fulminate however 
will tolerate a higher temperature, and is much less sensitive to 
shock and friction, than silver fulminate. Lead azide, which has 
about the same initiating power as silver fulminate, has an ex- 
plosion temperature more than 100° higher than that of mercury 
fulminate. IMany other interesting inferences are i)ossible from 
the data. Among them we ought especially to note that the order 
of the several fulminates and azides with respect to their efficiency 
in detonating one explosive is m)t always the same as their order 
with respect to their efficiency in detonating another. 

Silver Fulminate 

Silver fulminate is so sensitive and so dangerous to handle 
that it has not been used for practical purposes in blasting or 
in the military art. It early found use in toys, in tricks, and in 
such devices for entertainment as those which Christopher Grotz 
described in 1818 in his book on “The Art of Making Fireworks, 
Detonating Balls, &c.” 



of the development of modern explosives, perhaj^s the most im- 
portant discovery and invention in the history of the art. The 
phenomenon has supplied a basis for the definition of high ex- 
plosives, that is to say, of those explosives, whetljer sensitive or 
insensitive, which are incapable, without the invention, of being 
used safely and controllably or perhaps even of being used at all. 

Nobel’s exi)eriments quickly led him to the form of the blasting 
cap which is now in use, a cylindrical capsule, generally of copper 
but sometimes of aluminum or zinc, filled for about half of its 
length with a compressed charge of primary explosive. The charge 
is fired either by an electric igniter or by a fuse, crimped into place, 
its end held firmly against the charge in order that the chances of 
a misfire may be reduced. Its action depends upon the develop- 
ment of an intense pressure or shock. Fulminate of mercury was 
the only substance known at the time of Nobel s invention which 
could be prepared and loaded for the purpose with reasonable 

safety, and caps loaded with straight fulminate were the first to 
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be manufactured. The original fulminate detonators w’ere num- 
bered according to the amount of fulminate whicli they contained, 





Figvkk 95. Blasting Caps. Detonator crimped to miner’s fuse. Compound 



detonator. Compound electric detonator. 



the same numbers being used throughout the wwld. The charges 
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Amusements with Fulminating Silver. . . . 

Segars. 

Are prepared by opening the smoking end, and inserting 
a little of the silver; close it carefully up, and it is done. 
Spiders. 

A piece of cork cut into the shape of the body of a spider, 
and a bit of thin wire for legs, wdll represent with tolerable 
exactness 'this insect. Put a small quantity of the silver un- 
derneatli it; and on any female espying it, she wdll naturally 
tread on it, to crush it, when it will make a loud report. 

Silver fulminate is still used for similar purposes in practical 
jokes, in toy torpedoes (see Vol. I, p. 106), and in the snaps or 
pull-crackers wdiich supply the noise for bon-boms, joy-boms, 
and similar favors. 

Silver fulminate is insoluble in nitric acid, and is decomposed 
by hydrochloric acid. It darkens on exposure to light. One liter 
of w'ater at 13° dissolves 0.075 gram of the salt, and at 30° 
0.18 gram. The double fulminate of silver and potassium, 
AgONC’KONC, is soluble in 8 parts of boiling w'ater. 

Detonators 

The discovery of the phenomenon of initiation by Alfred Nobel 
and the invention of the blasting cap stand at the beginning 



of fulminate for the various sizes are showm in the following table, 



Detonator 


Weight of Mercury 
Fulminate 


External Dimensions of Capsule 




Crams 


Grains 


Diameter, mm. 


Length, mm. 


No. 1 


0.30 


4.6 


5,5 


16 


No. 2 


0.40 


6.2 


5.5 


22 


No. 3 


0.54 


8.3 


5.5 


26 


No, 4 


0.65 


10.0 


6 


28 


No. 5 


0.80 


12.3 


6 


30-32 


No. 6 


1.00 


15.4 


6 


35 


No. 7 


1.50 


23.1 


6 


4(M6 


No. 8 


2.00 


30.9 


6-7 


50-55 



along w’ith the usual (but not universal) dimensions of the cylindri- 
cal copper capsules. The same numbers are now' applied to com- 
mercial blasting caps of the same sizes, w’hatcvcr the weights and 
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characters of the charges. A No. 6 cap, for example, is a cap of 
the same size as one which contains 1 gram of straight fulminate. 
No. 6 caps of different manufacturers may differ in their power 
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F[Gunj3 9r>. Miiniifac-ture of Drfon.ilors. CComirF?^^ Hmculcs Powder 
Company.) TJie eiife mixing of ihc piimiiry explo,-=ivc cbavge for blasting 
caj>3 is act'omplislicd modianically Ix'liitul a voiifitio barrioado by lifting 
slowly and tht'n lowmiig first out' fum r of ihe iTiirngiitir rubber tray, 
then the nrxl cioiiut, llien tlip ncxl. and so on. In tlie backgroimd. the 
rutilxjr bow] or box in wliitli tlic aiixcd explosive is tanit'd to the building 
where it is loaded into raps. 
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FiotUB 97. Mimufat'ture of Detonators. (Courte^^ Hercules Powder 
Com pan}'.) C bulging the rapsnies* Eadi of tho holes in the upper steel 
plate Uhnr^iu^ phtr) is of the right size to eontaln exactly enough 
explosive for the charging of one detonator. The mixed explosive is 
emptied onto the phite, the rubber-faced um siveeps the material over 
the charging plate filling all the holes and tlirowing the excess into the 
box at the i-ight. Under the eburging plate is the thin ivdci^ng phte 
which SiUpplios a bottom lo all the boles in the charging plate. The 
detonator rupsuIeF, si'on at, the left, are isiaeed under the indexing plate 
and in line with the holc^i m the charging plate; the indexing plate is then 
removed, the explosive falk down into tlic cajisules, c.xactly the riglit 
amount into each, mu I k Iidrr jut'r:!scd iiilo place. 

as they differ in their composition. Ko. 6, 7, and S caps are the 
only ernes which are manufactured regularly in the United StateSj 
and tlie No. 6 cap is the one which is most commonly used* 

The fulminate in detonators was first modified by mixing it 
with black pot^der, then ^^ith potassium nitrate, and later with 
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potassium chlorate*'" The chlorate mixtures soon attained com- 
mercial importance in tlie United States, and by 1910 had largely 
displaced straight fulminate. Detonators containing them domi- 
nated the market until recently, and are now" largely, but not yet 
wholly, displaced by compound detonators in wdiich use is made 
of the principle of the booster. Mixtures of fulminate and potas- 
sium chlorate are distinctly more hygroscopic than straight ful- 
minate, but are cheaper and slightly safer to liandle and to load. 
Weight for w-eight they make better detonators* Stf>rm and Cope 
in a series of experiments in the sand test bomb found that SO/20 
fulminate-chlorate pulverizes more sand than the same weight 
of the 90/10 mixture and that this pulverizes more than straight 
fulminate* The results sliow that the sand test is an instrument of 
considerable precision. A difference of n gram in the size of the 
charge of fulminate generally caused a difference of more than 1 
gram in the weight of sand w'hicli was pulverized, 

DetonB.tar3 were in anti factored ftbrond and fold for a time under 
NobePfi patent, A. V. Newton (from A. Xobel, Park), Brit. Pat* 16,919 
(1887), covering the use^ instead of fulminate, of a granulated mixture of 
lead picrate„ potassium picrate, and potassium chlorate, but the invention 
apparently contributed little to the advance of the explosives art. 





\\ EiCfiT OF 


Sand (Cii.^Ma) 


Pulverized 




Finer than SO^Mksh uy 


Weight of 




90/10 


80/20 


MerctiT}' 




Chakhk, 


Fulminate- 


Fulminute- 


Cramh 

2.0000 


Fvilmimitp 

56.94 


riilomte 

5867 


Cblorate 

59.68 


IJSOOO 


47.71 


51.11 


5264 


! 0000 
0.7600 


3863 

2B.a5 


4013 

3260 


4142 


34 6S 


06000 


22*45 


23j07 


2362 


0.4000 

0.3500 


17.91 

14.16 


17.90 

15.13 


18.13 

1594 


0*3250 

06000 


1260 

10,01 


1290 

1271 


13,13 

12.61 


02500 


S64 


967 


11.94 


02250 


0.93 


8,71 


1069 


02000 


5.48 


863 


9.44 



Storm and Cope also used^the sand test to determine the 

minimum amounts of fulminate and of the fulminate-chlorate 
mixtures which were necessary to detonate several high explosives 
in reenforced detonators. It is necessary to specify that the tests 
were made with reenforced detonators, ft>r the results would have 
been quite different if reenforcing caps had not been used. In 
an ordinary detonator TNA required 0.3125 gram of SO/20 
fulminate-chlorate instead of the 0*1700 gram which was suf- 
ficient when a reenforced detonator was used* 
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Minimum Initiating Charge 
(Grams) Necessary for Explosion 
OF 0.4 Gram of 



Primary Explosive 


TNT 


TNA 


Picric Acid 


Mercury fulminate 


02G 


0.20 


025 


90/10 Fulminate-chlorate 


0.25 


0.17 


023 


80/20 Fulminate-chlorate 


024 


0.17 


022 



The reenforced detonators which were used in this work were 
made by introducing the weighed charge of high explosive into 
the detonator shell and the weighed charge of primary explosive 
into the small reenforcing cap while the latter was held in a 
cavity in a brass block which served to prevent the explosive 
from falling through the hole in the end of the cap. The primary 
explosive was then pressed down gently by means of a wooden 
rod, the cap was filled by adding a sufficient quantity of the high 
explosive from the detonator shell, this was similarly pressed 
down, and the reenforcing cap was then removed from the brass 
block and inserted carefully in the detonator shell with its per- 
forated end upward. The detonator was then placed in a press 
block, a plunger inserted, and the contents subjected to a pressure 
of 200 atmospheres per square inch maintained for 1 minute. 
The pressure expanded the reenforcing cap against the detonator 
shell and fixed it firmly in place. 

The minimum initiating charge was determined as follows. 
The amount of sand pulverized by a detonator loaded, say, with 
TNT and with fulminate insufficient to explode the TNT was 
determined. Another experiment with a slightly larger amount 
of fulminate w’as tried. If this showed substantially the same 
amount of sand pulverized, then the charge of fulminate was 
increased still further, and so on, until a sudden large increase 
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in the amount of sand pulverized showed that the TNT had 
detonated. After this point had been reached, further increases 
in the amount of fulminate caused only slight increases in the 
amount of sand pulverized. The magnitude of the effects, and the 
definiteness of the results, are shown by the following data of 
Stonn and Cope. 

Weight or Sand (Gr.^m.s) Pulverized Finer 
THAN 30-Mesh by Reenforced Detonator Con- 
taining 0.40 Gram TNT and a Priming 
Ch.akgk (Grams) of 



Primary E.mmaisive 


0.3000 


02800 


02600 


0.2500 


0.2400 


02300 




'3420 


34.70 


33.00 


13.55 


12.60 










31.50 








Mercury fulminate 






30.00 














32.70 














32.00 














33.55 


34.45 


32.95 


13.90 








34.05 


34.67 


1320 




90/10 Fulminatc-chloratc 






34.35 


34.07 












34.42 


35.07 












34.70 


3380 


34.40 


16.80 












34.60 




80/20 Fulminatc-chlorutc 










34.60 














33.80 














3485 




Fulminate owes its success as an initiating 


agent primarily to 



the fact that it explodes easily from firt — and it catches the fire 
mo’e readily tiian do lead azide and many another primary ex- 
plosive — to the fact that it quickly attains its full velocity of 
detonation within a very short length of material, and probably 



also to the fact that the heavy mercury atom which it contains 
enables it to deliver an especially powerful blow. Its maximum 
velocity of detonation is much lower than that of TNT and simi- 
lar substances, and its power to initiate the detonation of high 
explosives is correspondingly less, ^^'bhler in 1900 patented 
detonators in which a main charge of TNT or othi’i* nitro com- 
pound is initiated by a relatively small charge of fulminate. 
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Detonators which thus .make use of the principle of the booster 
are known as compound detonators and are made both with and 
without reenforcing caps. Some manufacturers insert the re- 
enforcing cap with the perforated end down, others with the 
perforated end up.-'“ 

In addition to it8 other functions, the reenforcing cap tends toward 
greater safety hy preventing actual contact between the primaiy explosive 
and the squarely cut end of the miner’s fuse to wliich the detonator is 
crimped. 

Not long after Curtins hatl discovered and described hydra- 
zoic (hydronitricl acid and its salts, Will and Lenze experi- 
mented with the azides (hydronitrides, hydrazotates) at the 
militaiy testing station at Spandau, but a fatal accident put an 
end to their experiments and their results were kept secret by 
the German war office. Wohler and Matter later studied several 
primary explosives in an effort to find a substitute for fulminate, 
and in 1907, in ignorance of the earlier work of Will and Lenze, 
published experiments which demonstrated the great effective- 
ness of the azides. At aliout the same time, the first attempt to 
use lead azide practically in the explosives industry was made 
by F. Hyronimus in France wlio secured a patent in February, 
1907, for the use of lead azide in detonators, to replace either 
wholly or in part the mercury fulminate which had theretofore 
been used, and this whether or not the fulminate would ordinarily 
be used alone or in conjunction with some other explosive sub- 
stance such as ])icric acid or trinitrotoluene. In March of the 
same year AVohler in Germany patented,-® as a substitute for 
fulminate, the heavy metal salts of hydrazoic acid, “such as 
silver and niercurj- azides.” He pointed out, as the advantages 
of these substances, that a smaller weight of them is necessary 
to produce detonation than is necessary of mercury fulminate, 
as, for example, that a No. 8 blasting cap containing 2 grams of 
mercury fulminate can be replaced, for use in detonating ex- 
plosives, by a No. S copper capsule containing 1 gram of picric 

acid on top of which 0.023 gram of silver azide has been corn- 
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pressed. In February of the next year Wohler was granted a 
French patent in which lead azide was specifically mentioned, 
but the use of this substance had already been anticipated by 
the patent of Hyronimus. Lead azide was soon afterwards manu- 
factured commercially in Germany and in France, and com- 
pound detonators containing this material were used fairly gen- 
erally in Europe at the time of the first World War. A few years 
later the manufacture of lead azide detonators was commenced 
in the United States. In this country compound detonators having 
a base charge of tetryl and primed with 80/20 fulminate-chlorate 
or with lead azide have been superseded in part by detonators 
loaded with a more powerful high -explosive charge of nitroman- 
nite, PETN, or diazodinitrophenol and. primed with lead azide, 
alone or sensitized to flame by the addition of lead styphnate or 
tetracene, or with diazodinitrophenol as the primary explosive. 

Testing of Detonators 
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Ainung the tests which are used for dcterinming the relative 
efficiency of detonators, the lead block or small Trauzl test, in 
which the detonators are fired in holes drilled in lead blocks and 
the rcBulting expansions of the holes arc measured, and the lead 
or aluminum plate test in which the detonators are stood upright 
upon the plates and fired, and the character and extent of the 
effects upon the plates are observed, have already been men- 
tioned. The first of these gives results which are expressible by 
numbers, and in that sense quantitative, and it is evident that 
both methods may be applied, for example, to the determination 
of the minimum amount of primary explosive neecssaiy for the 
initiation of a high explosive, for both show notably different 
effects according as the high explosive explodes or not. Another 
useful test is tlic determination of the maximum distance through 
which the detonator is capable of initiating the explosion of some 
standard material, say, a piece of cordeau loaded with TNT. In 
the nail test^ a w'ire nail is fastened to the side of the detonator, 
the detonator is fired, and the angle of the bend which the ex- 

4,^2 

plosion imparts to tlie nail is measurod. Tim sand test, in which 
the detonatin' is iireil in the center of a mass of carefully screened 
sand contained in a suit able bmnh and the saml which has been 
pulverized is screened off and weighed, is tlie most precise ami 
significant of the tests on detonators. It is a real test of brisanco, 
and its usefulness is not liiiiitcd to tlic study of detonators but 
may be extended to the study of high explosives as wdL Thus, 




FiiJVRE 9B. U. S. Bureau of Mines Jifs’ind Test Eorab Xo. 1. (Courtesy 
U. S. Bureau of Mines.) At left, aiSfCmbled fur making llie test. At right, 
diEasEembled showing the partg^ Two covers, one with a single hole for 
miner '3 fuse, the other witli two holes for the two wires of an electric 
detonator. 

two explosives may be compared by luading equal amounts in 
detonator shells, priming with equal amounts of the same initi- 
ator, firing in the sand test bomb, and comparing the amounts 
of sand puh'erized. 

The sand test was devised in 1910 by Walter Snelling, ex- 
plosives chemist of the U, S, Bureau of Mines, who worked out 
the technique of its (jperation and designed tlie standard Bureau 
of Mines sand test bomb No, 1 which w'as used in his own investi- 
gations and in those of Storm and Cope. Munroe and Taylor 
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later rccoramcndcil a bomb of larger diameter, Bureau of Mines 
sand test bunih Xix 2, as being able to differentiate more exactly 
between the diffcmit grailes of rlctonntors in commercial use. The 
test grew out of an earlier test which Snelling had developed in 
1908 for measuring the strength of detonating agents. Starting 




FiCuhb 99, WflStnr 0, Snelling. (Metzger & Son.) Devised the sand test. 
Has worked extensively with nitrtw?tarch explosives and has patented many 
improvements in military and in mining explD,sivc3. Chemisit at the U. S. 
Bureau of Mines, ltK)8't916; Director of Research, Trojan Powder Com- 
pany, 1917 — . 

with the thnuglit that true explosives, when subjected to a suf- 
ficiently strong initiating influence, dettjnate in such manner as 
to set free more energy than that which had been applied to 
them by the initiating charge, he tested several materials which 
failed to be true explosives and, although decomposed by the 
detonating agent, did not give off energy enough to continue their 
own decomposition and to propagate a detonation w'ave. Copper 

oxalate w^as the best of the ^'near explosives'^ which he tried. He 
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found it possible to measure the initiating effect of uiei'cury ful- 
minate and of other initial detonators by tiring them in com- 
positions consisting partly or wholly of cojiper oxalate, and then 
by chemical means determining the amount of the oxalate which 
had been decomposed. The experiments were carried out in a 
small steel bomb, the detonator was placed in the middle of a 
mass of oxalate or of oxalate coinpositiim, and sand was put in 
on top to fill the bomb completely. The fact that part of the sand 
was pulverized by the force of the explosion suggested that tl^e 
meclmnical effect of the initiator might perhaps serve as an 
approximate measure of the detonating efficiency ^ the oxalate 
was omiued. the bomb wa.s filled entirely with sand, and the sand 
test was devised. Bet'oix' Hnolliiig left the Bureau of Aline.s in 
1912 he had made about 40 tests on ordinary and electric deto- 
nators. Storm and Cope extended the usefulness of the test and 
applied it not only to the study of detonators but also to the 
study of tlie materials out of which detonators are constructed, 
both initial detonating agents and high explosives. 

Lead Azide 

Lead azide is a more efficient detonating agent than mercury 
fulminate. It requires a higher temperature for its spontaneous 
explosion, and it does not decompose on long continued storage 
at moderately elevated tem|)era lures. It cannot be dead-pressed 
by any pressure which occurs in ordinary manufacturing opera- 
tions. Lead azide press^?d into place in a detonator capsule takes 
the fire less readily, or explodes from spark less readily, than 
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mercury fulminate: Fur tiiis rcaj^un tlic main initiating' charge of 
lead azide in a blar^ting cap is generally covered with a layer of 
lead styphnate, or of styphnate-azidc mixture or other semitizer, 
which explodes more easily, though less violent ly* from hre, and 
serves to initiate the explosion of the azide. 

Lead azide is not used in primers where it is desired to produce 
fire or flame from impact. Fulminate mixtures and certain mix- 
tures which contain no fulminate are preferred for this purpose. 
Lead azide is used where it is desired to produce, either from 
flame or from impact, an initiatory shock for the detonation of 
a high expiosive-^-in compound detonators as already described, 
and in the detonators of artillery fuzes. For the latter purpose, 
caps containing azide and tetryl (or other booster explosive) are 
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used: the azide is exploded by impact, and the tetryl communi- 
cates the explosion to the booster or |>erhaps to the main charge 
of the slicll. 

Lead azide is produced as a white precipitate by mixing a solu- 
tion of sodium azide with a solution of lead acetate or lead ni- 
trate. It is absolutely essential tlmt the process should be carried 
out in such manner that the precipitate consists of very small 
]iarticlcs. The sensitivity of lead azide to shock and to friction 
increases rapidly as tlic size of the particles increases. Crystals 
1 mm. in length are liable to expUidc spontaneously because of 
the internal stresses within them. The U. S. Ordnance Depart- 
ment specifications reepnro that the lead azide shall contain no 
ncedle-slmped crystals more tlran 0,1 mm. in length. Lead azide 
is about as sensitive to im]iact when it is wet as when it is dry. 
Dextrinated lead azide can apparently be stored safely under 
water for long pericjds of time. The belief exists, however, that 
crystalline *‘eervice azide' ' becomes more sensitive when stored 
under water because of an increase in the size of the crystals. 

The conunercial preparation of lead azide U carried out on 
w'hat b practically a laboratory scale, 300 grams of pnxluct con- 
stituting an ordinaiy single batch. There appear to be diverse 
opinions as t<j the best method of precipitating lead azide in a 
finely divided condition. According to one, fairly strong solutions 
are mixed while a gentle agitation is maintained, and the precipi- 
tate is removed pnimptly, and washed, and dried. According to 
another, dilute solutions ought to he used, with extremely violent 
agitation, and a longer time ought to he devoted to the process. 
The preparatiem is sometimes carried out by adding one solution 
to the other in a nickek^esscl, which has cornigated sides, and is 
rotated around an axis which juakes a considerable angle with 
the xTrtical, thereby causing turbulence in the lit]uid. The pre- 
cipitation is sometimes carried out in the presence of dissolved 
colloidal material, such as gelatin or dextrin, w'hich tends to 
prevent the formation of large crystals. Sometimes the lead azide 
is precipitated on starch or w™d pulp, either of w'hich will take 
up about 5 times its owm Tveight of the material, and the impreg- 
nated starch is worked up, say, by tumbling in a sweetie barrel 
with a little dextrine, to form a free-flowing granular mass w^hich 
can conveniently be loaded into detonators, or the impregnated 
wood pulp is converted into pasteboard ■which is cut into discs 
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for loading, A small ammmt of basic salt in the lead azulc makes 
it somewhat less sensitive to impact and slightly safer to handle, 
but has no appreciable effect upon its eflicucy ns an initiator. 

The commercial preparation of the azides is carried out cither 
by the interaction of hydrazine with a nitrite or by the inter- 
action of sodamide with nitrous oxide. The first of those methods 




FiGUHfi too. Tedininal LetiJ Addc, piire (ToX)- iifc in deto- 

nators. Precipitated in the presence of dextrin, it shows no cry^t^il faces 
under the microscope. 



follows from the original work of Curtins, the second from a 
reaction discovered by AVisUscemis in 1S92 and later developed 
for plant scale opemtitm by Dennis and Browne. Cuitius first 
prepared hydrazoic aciil hy the action of aqueous or alcoholic 
alkali or ammonia on acyl azidc.^ prepared by the action <if 
nitrous acid on acyl hvdrazide.s. The hydrazidcs are fomied by 
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the interaction r>f hydrazine with esters juj^t as the amides are 
formed hy the ciirr<'sptindiug interaction of ammonia. 

R— CQtXTdL -h Nib -Nib — ' -h R— CX>— NH— NHi 

Apyl hy^traaklu 

R—CO— Mft-NII, + llONt) * 2H.0 + R-CO— N, 

Acyl luidc 

R— CO— N, + I1;0 — — . R— coon + HN. 

R--CO— N, + NH, ► R— CO— Nil. + HN, 

Hydrcuoii> add 

By acidifying the hviliulysis mixture with sulfuric acid and by 
fractionating t lie product. Curt i us prucureii anhydrous hydrazoic 
as a culorlcss liquid wiiirli hods at 37®. Hydrazoic acid is in- 
tensely poisonous and bad smedling. It is easily exploded by 
flame, by a brisant explosive, or by contact with metallic mer- 
cury. The anhydrous substance is extremely dangerous to handle, 
but dilute solutions have been distilled without accident 

Angeli obtained a white precipitate of insoluble silver azide 
by mixing saturated solutions of silver nitrite and hydrazine sul- 
fate and allowing to stand in the cold for a short time. Dennstedt 
and Gohlich later procured free hydrazoic acid by the inter- 
action of hydrazine sulfate and potassium nitrite in aqueous 
solution. 

■ H;iSO^ + KONO ► KIISO^ -|- 2HsO -|- HK, 

HydnuiDe ^ulfute 

The yield from this reaction is greatest if the medium is alkaline, 
f(jr nitrous acid attacks hydrazoic acid oxidizing it with the liber- 
ation of nitrogen. If hydrazine sulfate^" is used in tlie mixture, 
the resulting hydrazoic acid is not available for the preparation 
of lead azide until it has tieen distilled out of the solution. (Lead 
ions added to the solution would cause the precipitation of lead 
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sulfate.) The reaction mixture may be acidified with sulfuric 
acid, a little ammonium sulfate may be added in order that the 

37 Hydrazine is produced commercially by treating ammonia in aqueous 
solution with sodium hypochlorite to form chloramine, NHj — Cl, and by 
coupling this with another molecule of ammonia to form hydrazine and 
hydrochloric acid. Sulfuric acid is added to the liquid, sparingly soluble 
hydrazine sulfate cr>'stallizes out, and it is in the form of thi.s salt that 
hydrazine gencTullv occurs in coimm*rco. 

428 

ammonia may react with any unchanged nitrous acid which may 
be present, and the hydrazoic acid may be distilled directly into 
a solution of a soluble lead salt; but methods involving the dis- 
tillation of hydrazoic acid present many dangers and have not 
found favor for commercial production. The alternative is to 
work with materials which contain no sulfate, and to isolate the 
azide by precipitation from the solution, and it is by this metlu»d 
that sodium azide (for the preiiaration of lead azide) is gen- 
erally manufa,ctured in this country and in England, 

Hydrazine reacts in alcohol solution with ethyl nitrite and 
caustic soda to form sotlium azide which is sparingly soluble in 
alctjhol (0.315 gram in 100 grams of alcohol at 10^^) and pre- 
cipitates out. 

Hydrazine hydrate is actually u.sed. It is an expensive reagent procuretl 
by distilling hydrazine sulfufe with caustic soda in a silver retort. It is 
poisonous, corrosixe, strongly basic, and attacks gla.ss, cork, and rubber. 
Pure hydrazine hydrate is a white cry.stalline solid which melts at 40® and 
boils at 118®, but the usual commercial material is an 85% solution of the 
hydrate in water. 

3»It is necessary to u.«e ethyl nitrite or other alcohol-soluble nitrous 
ester, instead of sodium nitrite, in order that advantage may be taken of a 
solvent from which the sodium azide will precipitate out. 

NHj— NH.2 -h C^HsONO + NaOH . NaN, + CJbOH -|- 211.0 

The sodium azide is filtered off, washed with alcohol, and dried. 
It is soluble in water to the extent of 42 grams in 100 grains of 
water at 18®. It is not explosive, and requires no particular pre- 
caution in its handling. 

Azide has been manufactured in France and in Germany by 
the sodamide process. Metallic sodium is heated at about 300® 
while dry ammonia gas is bubbled through the molten m'^4;erial. 

2Na + 2NII3 » 2NaNH3 + Ih 

The sodamide which is formed remains liquid (m.p. 210®) and 
does not prevent contact between the remaining sodium and the 
ammonia gas. The progress of the reaction is followed by pass- 
ing the effluent gas through water which absorbs the ammonia 
and allows the hydrogen to pass ; if there is unabsorbed gas which 
forms an explosive mi.xture with air, the reaction is not yet com- 
plete. For the second step, the sodamide is introduced into a 
nickel or nickel-lined, trough-shaped autoclave along the bottom 
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of which there extends a horizontal shaft equipped with teeth. 
The air in the apparatus is displaced with ammonia gas, the 
autoclave is heated to about 230°, and nitrous oxide is passed in 
w'hile the horizontal stirrer is rotated. The nitrous oxide reacts 
with one equivalent of sodamide to form sodium azide and water. 
The water reacts tvith a second equivalent of sodamide to form 
sodium hydroxide and ammonia. 

NaNH, -h N,.0 ► NaN, + H.0 

NaNHa + H2O » NaOH -h NH, 

The reaction is complete when no more ammonia is evolved. The 
product, which consists of an equimolecular mixture of sodium 



hydroxide and sodium azide, may be taken up in water and 
neutralized carefully w*ith nitric acid, and the resulting solution 
may be used directly for the preparation of lead azide, or the 
product may be fractionally crystallized from w^ater for the pro- 
duction of sodium azide. The same material may be procured by 
washing the product with warm alcohol which dissolves away the 
sodium hydroxide. 

The different methods by which hydrazoic acid and the azides 
mayJbe prepared indicate that the acid may properly be repre- 
sented by any one or by all of the following structural fonnulas. 

H-N;Q H^N=N=N 

Hydrazoic acid is a weak acid; its ionization constant at 25®, 
1.9 X 10"®, is about the same as that of acetic acid at 25®, 
1.86 X 10'”. It dissolves zinc, iron, magesium, and aluminum, 
forming azides with the evolution of hydrogen and the production 
of a certain amount of ammonia. It attacks copper, silver, and 
mercury, forming azides without evolving hydrogen, and is re- 
duced in part to ammonia and sometimes to hydrazine and free 
nitrogen. Its reaction with copper, for example, is closely an- 
alogous to the reaction of nitric acid wdth that metal. 

Cu + 3HN, ► Cu(N,), -f N* 4- NH, 

3Cu + 8HNO, > 3Cu(NOa), + 2NO 4- 4H3O 

So also, like nitric acid, it oxidizes hydrogen sulfide with the 
liberation of sulfur. 
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H2S 4" HN, ^ S 4* N, 4" NH, 

3H:S + 2IINO, ► 3S 4> 2NO 4- 4H.0 

Mixed with hydrochloric acid it forms a liquid, comparable to 
aqua regia, which is capal)lo of dissolving platinum. 

Pt 4- 2HN, 4“ 4HC1 ► PtCh 4- 2N3 4- 2NH, 

3Pt 4- 4HNO, 4* 12HC1 ^ 3PtCh 4- 4NO 4- 8H,0 

Hydrazoic acid and permanganate mutually reduce each other 
with the evolution of a mixture of nitrogen and oxygen. The acid 
and its salts give with ferric chloride solution a deep red colora- 
tion, similar to that produced by thiocyanates, but the color is 
discharged by hydrochloric acid. 

The solubilities of the azides in general are similar to those .of 
the chlorides. Thus, silver azide is soluble in ammonia water and 
insoluble in nitric acid. Lead azide, like lead chloride, is sparingly 
soluble in cold water, but hot water dissolves enough of it so that 
it crystallizes out when the solution is cooled. One hundred grams 
of water at 18° dissolve 0.03 gram, at 80° 0.09 gram. 

The true density of lead azide is 4.8, but the loose powder has 
an apparent density of about 1.2. 

Lead azide is dissolved by an aqueous solution of ammonium 
acetate, but it is not destroyed by it. The solution contains azide 
ions and lead ions, the latter quantitatively precipitable as lead 
chromate, PbCi 04 , by the addition of potassium dichromate solu- 
tion. Lead azide in aqueous suspension is oxidized by ceric sulfate 
with the quantitative production of nitrogen gas which may be 
collected in an azotoineter and used for the determination of the 
azide radical. 

Pb(N,)a 4* 2Ce(S04), ► PbS04 4- 3N, 4- Ce,(S04), 

Nitrous acid oxidizes hydrazoic acid with the evolution of nitro- 
gen. A dilute solution of nitric or acetic acid, in wdiich a little 
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the sand -crushing pcnver uf silver azide is not as mucn great' 
than the sand-crushing power of mercury' fulmmate as the diffe 

would suggest. Storm and Cope 
the sand test found that the powers of fii 
minate and of fulminate-chlorate mixtures to crush sand we 
about proportional to the initiatory powers of these materials^ b 
the present evidence indicates that the law is not a general or 



Silver Azide 

Silver azide is a more efficient initiator than mercury fulminate, ence in their initiatory powers 
and about as efficient as lead azide. It melts at 251® and decom- their studies on 
noses rapidly above its melting point into silver and nitrogen. Its 
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temperature of spontaneous explosion varies somewhat according 
to the method of hcatingf but is considerably higher than that of 
mercury fulminate and slightly lower than that of lead azide. 

Taylor and Hinkenbaeh reported 273®. Its sensitivity to shock, 
like that' of lead azide, Llcpends upon its state of subdivision. 



iidc, patented as a detonating explosive by 
21, is piTpared by adding powdered cyanuric 
ivitb cooling and agitationi to a water solutiim 
than the equivalent quantity of sodium azide 



+ 3NnCl 



+ 



is necessary. Uyanuric ctilorioe, in.p. i‘io , o.p. lao , Jti piL 
by passing a stream of chlorine into a solution of hydroc 
acid in ether or chloroform or into liquid anhydrous liydroc 
acid exposed to sunlight. It is also formed by distilling ey^ 
acid wuth phosphorus pentachloride and by the polymcrizat 
cyanogen chloride, Cl — CN, after keeping in a sealed tube. 

Cyanuric triazide is insoluble in water, sligiitly soluble i: 
alcohol, and readily soluble in acetone, benzene, chlon 
ether, am! hot aiccjhol. It melts at 94®, and decomposes 
heated above 100®. It may decompose completely without d< 



FtGCR& 101. William H. Rinkenbich. Haa published many studies on Uh> 
physical, chemical, and cxplodve properties of pure high^xplo^Jive sub- 
iJtances and prinuiiy explosives. Research Chemist, U. S. Bureau of Minic^, 
ISI 9-1927’ A^isistant Chief Chemist, Picatinny Arsenal, 1927-1929; Chief 
CbemiBt. 1929—. 



Taylor and Rinkcnbach prepared a ''coUoidaP* silver azide which 
required a 777-mm. drop rd a 500- gram weight to cause detona- 
tion. Mercury fuliuinalc requireil a drop of 127 mm. According 
to the same investigatoi-s 0.05 gram of silver azule was necessary 
to cause the detonation of 0.4 gram of trinitrtitoluene in a No. 6 
detonator capsule, whether the eliargc was confined by a reen- 
forcing cap or not, as compared with 0.24 gram of mercury ful- 
minate when the cimrge was eonfiiicd by a reenforcing cap and 
0.37 gnim wlien it was not ctmfincd. They also measured the 
sand'-erusliing power of silver azide wiven loaded into No. 6 deto- 



pol iceman. 



Cyanuric triazidc is not irritating to the skin, and has no poi- 
sonous effects on rats and guinea pigs in fairly large doses.'*® 
Taylor and Rinkenbach have reported sand test data which 
show that cyanuric triazide is much more brisant than mereurj^ 
fulminale.*^ 



Weight of Cbusued {Grams) by 

Cyuuurit: Triazide Mercury Fulminut 



Weight of Explosive, 
Grams 
0.050 
0.100 
0.200 



In conformity with these results are the findings of Kast and 
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Raid who reported that cyanuric triazide has a higher velocity of 
detonation than mercury fulminate. They made their measure- 
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ments on several primary explosives loaded into detonator cap- 
sules 7.7 mm. in internal diameter and compressed to the densi- 
ties which they usually have in commercial detonators. 



Vklocity of 
Detox.\tiox, 
Meters per 

Explosive Density Second 

Cyanuric triazide 1.15 5545 

Lead azide 3.8 4500 

Mercury fulminate 3.3 4490 

Mi.xture: Hg(OXC). S5%, KCIO:. 15% . , 3.1 4550 

Lead styphnate 2.6 4900 



Taylor and Rinkenbach found that cyanuric triazide is a more 
efficient initiator of detonation than mercury fulminate. This 
result canne^t properly be inferred from its higher velocity of 
detonation, for there is no direct correlation between that quality 
and initiating efficiency. Lead azide is also a much more efficient 
initiator than mercury fulminate but has about the same velocity 
of detonation as that substance. The following results were 
secured by loading 0.4 gram of the high explosive into detonator 
capsules, pressing down, adding an accurately weighed amount 
of the initiator, covering with a short reenforcing cap, and press- 
ing with a pressure of 200 atmospheres per square inch. The size 
of the initiating charge was reduced until it was found that a 
further reduction resulted in a failure of the high explosive to 
detonate. 

Minimum Initi.atinc Ch.^rgb 
(Gr.ams) op 



High Explosive 


Cyanuric 

Triazide 


Mercury 

Fulminate 


Trinitrotoluene 


0.10 


0.26 


Picric acid 


0.05 


021 


Tetryl 


0.04 


0.24 


Tetranitroaniline 


0.09 


020 


Ammonium picrate 


0.15 


085 



Cyanuric triazide is slightly more hygroscopic and distinctly 
more sensitive in the drop test than fulminate of mercury.** It is 
slightly volatile, and must be dried at as low a temperature as 
possible, preferably in vacuum. Detonators in which it is used 
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Temper.ature of Explosion 
When temperature 
is raised 20* per 

minute in In Iron Tube 



Explosive 


Glass 


Iron 


Temp., 


Elapsed time, 


Tube 


Tube 


*C. 


seconds 


Cyanuric triazidc 


206* 


205* 


200 


40, 


2 




208* 


207* 


205 


0 , 




Lead azide 


338* 


337* 


335 


12, 


9 








340 


5, 


7 








345 


7, 


6 








350 


4, 


5 








355 


0 










360 


0 




Mercury fulminate 


175* 


166* 


145 


480. 


331 








150 


275, 


255 








155 


135, 


165 








160 


64, 


85 



170 40, 35 

180 15, 13 

190 10, 8 

195 8, 7 

200 7, 8 

205 5, 5 

210 1 , 3 

215 0 

l^llxture: les® 169* 145 370, 365 

Hg(ONC)* 85% 171* 170* 150 210, 215 

KClOi 15% 155 155^ 145 

160 125, 74 

170 45, 50 

180 23, 22 

190 8, 8 

195 7, 7 

200 7, 8 

205 7, 6 

210 4, 3 

215 0 

Lead styphnate 276* 275* 250 90, 85 

277* 276* 265 65, 45 

275* 270 0 
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must be manufactured in such a way that they are effectively 
sealed. 

Kast and Raid ha^'e rlctermined the temperatures at which 
cyanuric triazide and certain other initiators explode spontane- 
ously, both by raising the temperature of the samples at a con- 
stant rate and by keeping tlie samples at constant temperatures 
and noting the times which elapsed before they exploded. When 
no measurable time elapsed, the temperature was “the tempera- 
ture of instantaneous explosion." Their data are especially inter- 
esting because they show the rate of deterioration of the mate- 
rials at various temperatures.** 

T rinitrotriazidobenzene 

l,3,5-Trinitro-2,4,6-triazidobenzene is prepared from aniline 



by the reactions indicated below. 

NH, NO, 




Cl Cl 



Aniline is chlorinated to form trichloroaniline. The amino group 
is eliminated from this substance by means of the diazo reaction, 
and the resulting sym-trichlorobenzene is nitrated. The nitration, 
as described by Turek, is carried out by dissolving the material 
in warm 32^' oleum, adding strong nitric acid, and heating at 
140-150® until no more trinitrotri chlorobenzene, m.p. 187®, pre- 
cipitates out. The chlorine atoms of this substance are then 
replaced by azido groups. This is accomplished by adding an 
acetone solution of the trinitrotrichlorobenzene, or better, the 
powdered substance alone, to an actively stirred solution of sodium 
azide in moist alcohol. The precipitated trinitrotriazidobenzene 
is filtered off, washed with alcohol and with water, and, after 
drying, is sufficiently pure for technical purposes. It may be 
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purified further by dissolving in chloroform and allowing to cool, 
greenish -yellow crystals, m.p. 131® with decomposition. It is de- 
composed slowly by boiling in chloroform solution. 

Trinitrotriazidobenzene is readily soluble in acetone, moder- 
ately soluble in chloroform, sparingly in alcohol, and insoluble in 
water. It is not hygroscopic, is stable toward moisture, and does 
not attack iron, steel, copper, or brass in the presence of moisture. 
It is not appreciably volatile at 35-50°. It darkens in color super^^ 
ficially on exposure to the light. It decomposes on melting with 
the evolution of nitrogen and the formatipn of hexanitroso- 
benzene. 




The same reaction occurs at lower temperatures: 0.665% of a 
given portion of the material decomposes in 3 years at 20°, 
2.43% in 1 year at 35°, 0.65% in 10 days at 50°, and 100% 
during 14 hours heating at 100°. The decomposition is not self- 
catalyzed. The product, hexanitrosobenzene, m.p. 159°, is stable, 
not hygroscopic, not a primary explosive, and is comparable to 
tetryl in its explosive properties. 

Trinitrotriazidobenzene, if ignited in the open, bums freely 
with a greenish flame; enclosed in a tube and ignited, it deto- 
nates with great brisance. It is less sensitive to shock and to 
friction than mercury fulminate. It gives a drop test of 30 cm., 
but it may be made as sensitive as fulminate by mixing with 
ground glass. The specific gravity of the crystalline material is 
1.8054. Under a pressure of 3000 kilograms per square centi- 
meter it yields blocks having a density of 1.7509, under 5000 
kilograms per square centimeter 1.7526. One gram of TNT com- 
pressed in a No. 8 detonator shell under a pressure of 500 kilo- 
grams per square centimeter, with trinitrotriazidobenzene com- 
pressed on top of it under 300 kilograms per square centimeter, 
required 0.02 gram of the latter substance for complete detona- 
tion. Tetryl under similar conditions required only 0,^1 gram. Tri- 
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nitrotriazidobenzene may be dead-pressed and in that condition 
bums or puffs when it is ignited. It is a practical primary explo- 
sive and is prepared for loading in the granular form by mixing 
the moist material with nitrocellulose, adding a small amount of 
amyl acetate, kneading, rubbing through a sieve, and allowing 
to dry. 

In the Trauzl test, trinitrotriazidobenzene gives 90% as much 
net expansion as PETN; tetryl gives 70%, TNT 60%, mercury 
fulminate 23%?, and lead azide 16%. Used as a high explosive in 
compound detonators and initiated with lead azide, trinitrotri- 
azidobenzenc is about as strong as PETN and is stronger than 
tetryl. 

Nitrogen Sulfide 

Nitrogen sulfide was first prepared by Soubeiran in 1837 by the 
action of ammonia on sulfur dichloride dissolved in benzene. 

6 Sa, -I- 16 NHa ^ N4S4 -h 2 S + 12NH4CI 

It is conveniently prepared by dissolving 1 volume of sulfur 



chloride in 8 or 10 volumes of carbon disulfide, cooling, and 
passing in dry ammonia gas until the dark brown powdery pre- 
cipitate which forms at first has dissolved and an orange-yellow 
solution results which contains light-colored flocks of ammonium 
chloride. These are filtered off and rinsed with carbon disulfide, 
the solution is evaporated to dryness, and the residue is extracted 
with boiling carbon disulfide for the removal of sulfur. The un- 
dissolved material is crude nitrogen sulfide. The hot extract on 
cooling deposits a further quantity in the form of minute golden- 
yellow crystals. The combined crude product is recrystallized 
from carbon disulfide. 

The same product is also produced by the action of ammonia 
on disulfur dichloride in carbon disulfide, benzene, or ether 
solution. 

6 S,a -h J 6 NH, * N4S4 4 - 8 S 4 - 12NH4CI 

Nitrogen sulfide has a density of 2.22 at 15°. It is insoluble in 
w'ater, lightly soluble in alcohol and ether, somew'hat more 
soluble in carbon disulfide and benzene. It reacts slowly with 
water at ordinary temperature witli the formation of pcntathionic 
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acid, sulfur dioxide, free sulfur, ami ainmonia. It melts with 
sublimation at 178°, and explodes at a higher temperature which, 
lK)wcver, is variable according to the rate at which tlic substance 
is heated. Bert lie lot found that it deflagrates at 207° or higher, 
and remarked that this temperature is about the same as the 
temperature of combustion of sulfur in the open air. Berthelot 
and Vieillc studied the thermochemical properties of nitrogen 
sulfide. Their data, recalculated to conform to our present notions 
of atomic and molecular weight, show that the substance is 
strongly endothermic and has a heat of formation of —138.8 
Calories per mol. It detonates with vigor under a hammer blow, 
but is less sensitive to shock and less violent in its effects than 
mercury fulminate. Although its rate of acceleration is consider- 
ably less than that of mercury fulminate, it has been recom- 
mended as a filling for fuses, primers, and detonator caps, both 
alone and in mixtui’es with oxidizing agents such as lead peroxide, 
lead nitrate, and potassium chlorate. 

Nitrogen selenide w'as first prepared by Espenschied by the 
action of ammonia gas on selenium chloride. His product was an 
orange-red, amorphous powder which exploded violently when 
heated and was dangerous to handle. Vemeuil studied the sub- 
stance further and supplied a sample of it to Berthelot and 
Vieille for thermochemical experiments. It detonates when 
brought into contact with a drop of concentrated sulfuric acid 
or when warmed to about 230°. It also detonates from friction, 
from a very gentle blow of iron on iron, and from a slightly 
stronger blow of wood on iron. It has a heat of formation of 
— 169.2 Calories per mol, and, with nitrogen sulfide, illustrates 
the principle, as Berthelot pointed out, that in analogous series 
(such as that of the Imlidcs and that of the oxides, sulfides, and 
selenides) *‘thc explosive character of the endothermic compounds 
becotnes more and more pronounced as the molecular weight 
becomes larger.” 
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Lead Styphnate (Lead trinitroresorcinatel 

Lead styphnate is commonly prepared by adding a solution of 
magnesium styphnate at 70° to a well-stirred solution of lead 
acetate at 70°. A voluminous precipitate of the basic salt sepa- 
rates. The mixture is stirred for 10 or 15 minutes; then dilute 
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Figure 102, Lead Stypknate Ciy“tu[^ (90X)- 



nitric acid is added witU s?timiig to convert the Imsic to the 
normal salt, and the stirring is contimied while tlic teinpcmture 
drops to about 30*^. The product^ which ei insists of reddish-brown, 
short, rhombic ery^stais, is filtered off, washed with water, sieved 
through silk, and dried. 

Prepared by adding nmi^t^siurn oxide to a sui^pcn^^ioa of siyphnic acid 
in water until a dear solution resnJt;i and only a v^ry srualJ portion of the 
styphnic acid rpmaina undi^ohed. 

Lead styplinate is a poor initiator, but it is easily ignited by 
fire or by a static discharge^ It is used as an ingredient of the 
priming layer whieh causes lead azide to explode from a flash* 
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A 0,05-gram sample of lead styplinate in a test tube in a bath 
of Wood's metal heated at a rate of 20“ per minute explodes at 
267 ^ 265 “ . 

\A allbaum determined the minimum charges of several pri- 
mary explosives necessary for initiating the explosion of PETN* 
In the first series cjf tests, the PETX (0*4 gram) was tamped 
down or pressed loosely into copper capsules 6.2 mm. in inside 
diameter, and weighed anamnts of the priming charges were 
pressed down loosely on bip. The weights of the priming ehargea 
were decrcasefi until one failure occurred in 10 tests with the 
same weight of charge. In later series, the PETN w’as compressed 
at 2000 kilngrams per square centimeter. AVhen the priming 
charges were pressed Iwsely on the compressed PETN, consider- 
ably larger amounts were generally necessary. One gram of lead 
styplinate, however, was not able to initiate the explosion of the 
compressed PETN* When the priming charges were pressed, oa 
top of the airearly compressed PETN, wdth pressures of 500, 
1000, and 1500 kilograms per square centimeter, then it was 
found that the tetracene and the fulminate w^ere dead-pressed 
but that the amounts of lead azide and silver azide w’hich were 
needed were practically the same as in the first series when both 
the PETN and the ]>riming charge were merely pressed loosely* 
AVallbaum reports the results which are tabulated below. 

Pressure on PETX, kg. p 0 f sq. cm. 0 2000 2000 2000 2000 

PresPurc on initiitor, kg. per sq. cm. 0 0 500 1000 1500 



PfirMARV Expuj^jIvb Min iMVM iNmAtiNG Ch.^hge, Ghams 



Tetracene 


0.16 


0230 


dead-pressed 


Mercviry fulminate (gray) . . 
Memiry fulminate (white) 
LciuL stvphnattj 


0.30 

030 

ni^.^ 


0330 

0340 


1 ff- 
004 


Lead aside (technical) 


0.04 


0.170 


0j05 0.05 


Lead azide (pure) 


.. . 0.015 


0,100 


0.01 0.01 


0,01 


Silver azide 

Diazonium Salts 


0.005 


0.110 


0.005 0,005 


ono5 



Every stutlent of organic chemistry lias worked with dlazoniutn 
salts in solution. The substances are commonly not isolated in 
the solid state, for the dry materials are easily exploded by shock 
and by friction, and numerous laboratory accidents have resulted 
from their unintended crystallization and drying. 
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The first volume nf the Memorial des Poudres et SaipHtBn 
contains a report by Bcrthelot and Vieille on the properties of 
benzenediazonium nitrate tdiazi>benzcnc nitrate)* They prepared 
the material by passing nitrous gas into a cooled aqueous solu- 
tion of aniline nitrate, diluting with an equal volume of alcohol, 
and precipitating in the form of w iiitc, voluminous flocks by the 
addition of an excess of etlier* 



2CiH.— NUj ■ HN'Os + 3H,0 2CJI.— N— NO, 

Hi 



The prndtict wa^; washed with cthor, pressed between pieces of 
filter paper, and dried in a vacumn desiccator. In dry air and in 
the dark it could be kept in good condition for many months. 
In the daylight it rapidly turned pink, and on longer keeping, 
especially in a moist atmosphere, it turned brown, took on an 
odor of phenol, and finally became black and swelled up with 
bubbles of gas. 

Benzenediazonium nitrate detonates easily from the blow of a 
hammer or from any rubbing w hich is at all energetic. It explodes 
violently w hen heated to 90“ . Its density at 15“ is 1.37, but under 
strong compression gently applied it assumes an apparent density 
of 1.0. Its heat of formation is —47.4 Calories per mol, heat of 
explosion 114.S Calories per mol. 

m-Nitrobenzenediazonium perchlorate w’as patented by Herz 
in 1911, and is reported to have been used in compound detona- 
tors w'ith a high-explosive charge of nitromannitc or other brisant 
nitric ester. It explodes apontaxieously when lieated to about 154“, 
It is sensitive to shock and to blow'. Although it is very sparingly 
soluble in w^ater and is stabilized to some extent by the nitro 
group on the nucleus, it is distinctly hygroscopic and is not 
exempt frojn tlm instability winch appears to be characteristic of 
diazonium salts. 



N 



NH: 




-b UNO, -{- tiaOi 



443 



N^IO, 
2lhO 4- 1 




Preparation of m-iVitnibeTizeitefUazoiihim Perchlorate. Half a gram 
of m-nitroamline i? ^usperuied in 5 cc. of water in a wide teat tube, and 
0..5 cc. of cniwemmtcil hyiJrochloric uciil ami 2,2 cc. of 20% perchloric 
acid sokiMun Jire addtxl. Afrcr ilic nttrnniiinc has dissolved, 15 cc. of 
water is atldcd and the s^ulutioii is coolcil by immersing the test tube 
in a beaker filled with a slurry of cmcked ire. One-quarter of a gram 
of sodium nitrite dissolved in 1 or 2 cc. of w'ater is added in 3 or 4 
portions, the mixture being shaken after each addition or stirred with 
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a stirring rod the end of which in covered with a short piece of rubber a true density at 2o°/4“ of L63, Its ap 

tubing. After standing in the cold for o minutes, the material h trans- placed in a tube and tapped is only 0 

ferretl to a filter, and the feltlike mn^s of pale yellow needles is washed detonator capsule at a pressure a 

with cold water, with alcohol, and with ether. The product is dried in ^239 kilograms per square centin 

several small portions on pieces of filter paper* densitv of O.SG. Tt is not dead-pressed 



Diazodinitropherioi (DDNP, Dinol) 
4,6-Dinitroben3ene-2-diazO'’l-oxide, or diazodinitroplienol as it 
is more commonly called, occupies a place of some importance in 
the history of chemistry, for its discovery by Griess led him 
to undertake his classic researches on the diazomum compounds 
and the diaso reaction. He prepared it by passing nitrous gas 
into an alcoholic solution of pic ramie acid, but it is more con- 
veniently prepared by carrying out the diazotization in aqueous 
solution with sodium nitrite and hydrochloric acid. 



It is soluble in nitrobenzene, acetone, aniline, pyridine, acetn 
acid, strong liydrocldovic acid, and nitroglycerin at ordinary tem- 
peratures. Its solubility at in 100 grams of solvent is. h 
ethyl acetate 2.45 grams, in methyl alcohol 1.25 grams, in ethy 



and in chloroform 



alcohol 2.43 grains, in benzene 0.23 gram 
O.U gram. 

Diazodinitroplienol is less sensitive to ii 
fulminate and lead azide. Its sensitivity to friction is about the 
same as tluit of lend azide, much less tlum that of mercury ful- 
minate. It detonates when struck a sharp blow, but, if it is ignited 
when it is uncoiifineil, it burns with a quick flash, like nitro- 
cellulose, even iu quantities of several grams. This burning pro- 
duces little IU' local shoidc, uml will not initiate the explosion 
of a high explosive. Commercial detonators containing a high- 
exjflosivc charge of nitnimiiimitc and a primary explosive charge 
of diazodinitroplienol explvide if they are erinipcil to a piece of 
miner’s fuse and the fuse is lighted, but a spark falling into the 
open cm I has been reported to cause only the flashing of the 
diazodinitrophenoh Likewise, if nn open cap of this sort falls 
into a fire, the diazodinitroplienol may flash, the nitromannite 
may later melt and run out and burn with a flash, and the deto- 
nator may be destroyed without exploding. While it is not safe 
to expect that this will always happen, it is an advantage of 
diazodinitroplienol that it sometimes occurs. 

Diazodinitroplienol is darkened rapidly by exposure to sun- 
light, It does not react with water at ordinary temperatures, but 
is desensitized by it. It is not exploded under water by a No* S 



diaiotiie 



^ reduce 



NOj NO^ NOa 

Pkric and PScnilnic ivrid DiModiniifOpheiiQl 

Picramic acid, red needles, m. p. 1G9“, may be prepared by evap- 
orating ammonium picrate in aleolinl solution with ammonium 
sulfide. 

Preparation of BiazoiUnitrophmoL Ten grams of picramic acid is 
suspended in 120 cc. of 5% hydrochloric acid in a beaker which stands 
in a basin of ice water, and the mixture ia stirred rapidly witli a 
naechanical stirrer. Sodium nitrite (3.G grams) dissolved in 10 cc. of 
water is added all at once, and the stirring is continued for 20 minutes. 
The product \s collected on a and washed thoroughly with ice 

water. The dark brown granular mau-rial may be u.^ed as such, or it 
may be dissolved in hot .acetone and preeipitated by ihe addition of 
a large volume of ice water to the rapidly agitated liquid, a treatment 
which converts it into a brilliant jellow amorphous powder. 

L. V. Clark, who has made an extensive study of the physical 
and explosive properties of diazodinitroplienol, reports tliat it has 



blasting cap. 



Clark reports experiments with diazodinitroplienol, mercury 
fulminate, and lead azide in whicli various weights of the explo- 
sives were introduced into No. 8 detonator capsules, pressed 
under reenforcing caps at 3400 pounds per square inch, and fired 
in the No, 2 sand test bomb. His results, tabulated below, show 
tliat diazodinitroplienol is much more powerful tlian mercury 
fulminate and lead azide. Other experiments by Clark showed 



that diazodinitrophenol in the sand test has about the same 
strength as tetryl and liexanitrodi phenyl amine. 

Clark found that tlie initiatory power of diazodinitrophenol is 
about twice that of mercury fulminate and slightly less than that 
of lead azide. His experiments ’were made with 0.5 -gram charges 
of the high explosives in No. 8 detonator capsules, with reenforc- 
ing caps, and with charges compressed under a pressure of 3400 
pounds per square indi. He reported tlie results which arc tubu- 



Fiueitiii 103. Diuzodiiiit ioplienol CVystLils (BOX) 





Weight fCn.^Ma) qp S.^nb Pulvfjuzed 
Fixer than 30-Me.*^h bv 
D iflKO 


WeZCHT 

or CHAKCt: 


ilinitro- 

phpnol 


Mercury 

FulniiMale 


Lead A7ide 


0,10 


9-1 


34 


35 


020 


192 


0.5 


72 


040 


362 


17.0 


14.2 


0.60 . . 


. 543 


27.5 

3Si> 

4H.4 


215 

287 

36j0 


O.iSO . 

1.00 


72.1 

90.0 
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lated below. 



High Explosive 

Picric acid 

Trinitrotoluene 

Tetryl 

Trinitroresorcinol 

Trinitrobenzaldehyde . . . 

Tetranitroaniline 

Hexanitrodiphenylamine 



Minimum Ixitutinc Ch.\rge 
(Gr.\ms) of 
Mercury Diazo- 


Fulminate 


dinitrophenol 


Lead Azide 


. 0225 


0.115 


0.12 


. 0240 


0.163 


0.16 


. 0.165 


0.075 


0.03 


. 0225 


0.110 


0.075 


. 0.165 


0.075 


0.05 


. 0.175 


0.085 


0.05 


. 0.165 


0.075 


0.05 



One gram of diazodinitrophenol in a No. 8 detonator capsule, 
compressed under a reenforcing cap at a pressure of 3400 pounds 
per square inch, and fired in a small Trauzl block, caused an 
expansion of 25 cc. Mercury fulminate tinder the same conditions 
caused an expansion of 8.1 cc., and lead azide one of 7,2 cc. 

Clark determined the ignition temperature of diazodinitro- 
phenol by dropping 0.02-gram portions of the material onto a 
heated bath of molten metal and noting the times which elapsed 
between the contacts with the hot hjetal and the explosions: 1 
second at 200®, 2.5 seconds at 190®, 5 seconds at 185®, and lO.O 
seconds at 180®, At 177® the material decomposed without an 
explosion. 



Tettacene 



l-Guanyl-4-nitrosoaminoguanyltetrazene, called tetracenc for 
Short, was first prepared by Hoffmann and Roth. Hoffmann and 
his co-workers studied its chemical reactions and determined 
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its structure. It is formed by the action of nitrous acid on amino- 
guanidine, or, more exactly, by the interaction of an amino^ahi- 
dine salt with sodium nitrite in the absence of free mineral acid. 



NH^ ^ \ y- HO ^NH 

NHi ^ V, HI ^NH-N^' 



AmiDOgiuntdliie KUroua / AmlnoffuanlOlno 

Kid / 

X- NH-NH-N-N-C^ + 3H.0 

NHi ^NH-Nir-NO 

l,Qwinjl4*&ltirtMaiunlnognan7ltcinaoii0 



HO)-NO 



Kltrcnu 

Klc^ 



Tetracenc is a colorless dr pale yellow, fluffy material which is 
practically insoluble in water, alcohol; ether, benzene, and carbon 
tetrachloride. It has an apparent density of only 0.45, but yields 
a pellet of density 1.05 when it is compressed under a pressure 
of 3000 pounds per square inch. Tetracenc forms explosive salts, 
among which the perchlorate is especially interesting. It is soluble 
in strong hydrochloric acid; ether precipitate!^ the hydrochloride 
from the solution, and this on treatment with sodium acetate or 
with ammonia gives tetracenc again. With an excess of silver 
nitrate it yields the double salt, C 2 H 7 NioOAg-AgN 03 * 3 H 20 . 
Tetracene is only slightly hygroscopic. It is stable at ordinary 



rar‘C(NH)-NH-NH-N-N-C(NH)-NH‘-NH-NO 

1+NH,+NH,-CN 



ira.- 

^ N 

iL 



^NH >NH 

N,-c^ N.-c: ^ 

^NH— NH-NO 'NH-N-N-OH 

TrtMonltnwoaminofWDldlna 



^N— N 
N,^C( I 
^NH-N 

Tctnxolyt ndd* 



t , 

N~c; 



>N—Cu— O 
^NH-N— N 



temperatures both wet and dry, but is decomposed by boiling 
water with the evolution of 2Na per molecule, Ott hydrolysis with 
caustic soda it yields ammonia, cyanamide, and triazonitroso- 
atninbgiianidine which can be isolated in the form of a bright 
blue precipitate of the explosive copper salt by the addition of 
copper acetate to the alkaline solution. The copper salt on treat- 
ment With acid yields tetrazolyl azide (5-azidotctrazole) . 
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In the presence of mineral acids, sodium nitrite reacts in a 
different manner with aminoguanidinc, and guanyl azide is 
formed. 

NHr-C(NM)-NH-NIl2 + HONO . ^ 2H.0 

Guanyl aiiile 

This substance forms salts with acids, and was first isolated in 
the form of its nitrate. The nitrate i.s not detonated by shock but 
undergoes a rapid decomposition with the production of light 
when it is heated. The pi crate and the percldoratc explode vio- 
lently from heat arid from shock. Guanyl azide is not decom- 
posed by boiling water. On liydroly.^sis with strong alkali, it yields 
the alkali metal salt of hydrazoic acid. It is hydrolyzed by ani- 
moniacal silver nitrate in the cold with the formation of silver 
azide which remains in solution and of silver cyanamide which 
appears as a yellow precipitate. By treatment with acids or weak 
bases it is converted into 5-amino tetrazolc. 






Nil 

NHa 



,N N 

■C< II 

5>.\min otetnUole 






when the reaction between amintigiianidine and sodium nitrite 
occuts in the presence of an excess of acetic acid, still another 
product is fonqed, namely, 1,3-ditetrazolyltriazine, the genesis 
of which is easily understood from a consideration of the reac- 
tions already mentioned. 5-Aminotetrazole is evidently formed 
first ; the amino group of one molecule of this substance is diazo- 
tized by the action of the nitrous acid, and the resulting dia- 
zonium salt in the acetic acid solution couples with a second 
molecule of the aminotetrazole. 



N — 

+ HONO + CII,-COOH . 

N— 

|| >C— Ni-O-CO^H, -h H,0 

— ■ - 

N — N<. ^N— N 

l.^-OitcUaiolyltriatine 
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Preparation of Tetracenc. Thirty-four grams of aminoguanidinc bi- 
carbonate, 2o00 CO. of water, and 15.7 grams of glacial acetic acid are 
brought together in a 3-liter f\i\nk, and the hiixture \s warmed ott the 
steam bath with occasional shaking until everything has gone into 
solution. The solution is filtererl if need be, and cooled to at the 
tap. Twenty-seven and sixth-tentlis grams of solid sodium nitrite is 
added. The is swirled to make it di»«olve, and is set aside at room 
temj^erature. After 3 or 4 hours, the flask is shaken to start precipita- 
tion of the protiuct. It is allowed to stand for about 20 hours longer 
(22 to 24 hours altogether). The plwipitate of tetracene is washed 
several times by decantation, traa^ferretl to a filter, ami washed thor- 
oughly with water. The product is dried at room temperature and is 
stored in a bottle which is closed by mearis of a cork or rubber stopper. 
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mixture of tetraccnc anti lead aaide in explosive rivets, Tetracene 
is used in primer caps where as little as 2^ in the coinjiosition 

results in an improved uniformity of percussion sensitivity. 
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Hexamethylenetriperoxidediamine (HMTD) 
Rcxamethylonotripcroxidcdiamme is the only organic peroxide 
wdiich has been ctmsidered seriously as an explosive. Its explosive 
properties commend it, but it is too reactive chemically and too 
unstable to bo of practical use. It is most conveniently prepared 
by treating hexamethylenetetramine with hydn^gen peroxide in 
the presence of eitrie acid which promotes the reaction by com- 
bining with the ammonia which is liberated. 



Tetracene explodes readily from flame without appreciable 
noise but with the production of much black smoke, Rinkenbach 
and Burton, w ho have made an extended study of the explosive 
properties of tetracene^ report that it explodes in 5 seconds at 
160® (mercury fulminate 190®}. They found that it is slightly 
more sensitive to impact than mercury fulminate; an S-inch drop 
of an 8-ounce w’cight was needed to explode it, a drop of 9-10 
inches to e.xplode fulminate. 

The brisance of tetracene, if it is used alone and is fired by a 
fuse, is greatest when the explosive is not compressed at all Thus, 
0.4 gram of tetracene, if uncompressed, eniahed 13,1 grams of 
sand in the sand test; if c<jm pressed under a pressure of 250 
pounds per square inch, 9.2 grams; if under 500 pounds per square 
inch, 7.5 gi'ams; and, if under 3000 pounds per square inch, 2.0 
grams. The data slmw the behavior of tetracene as it approaches 
the condition of being dead-j>ressed. 

In another series of experiments, Rinkenbach and Burton used 
charges of 0.4 gram of tetracene, compressed under a pressure of 
3000 pounds per square incli and initiated with varying amounts 
of fulminate (loaded under the same pressure!, and found that 
the tetracene tleveloped its maximum brisance (21.1 grams of 
sand cmslied) when initiated wdth 0.4 gram of fulminate. A com- 
pound primer of 0.15 gram of tetryl initiated with 0.25 gram of 
mercury fulminate caused 0.4 gram of tetracene to crush 22.6 
grams, or substantially the same amount, of sand. It appears 
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then that tetracene is more brisant— and presumably explodes 
with a greater %ch>city of detonation — when initiated by fui- 
minute or tetryl than when scif-initiatod hy fiie. 

Tetracene is easily dead-pressed, its self-acceleration is low, 
and it is not suitable for use ainne as an initiating explosive. 



Freparntion of Hexamethyknetnperoxidediamim. Fourteen grams of 
he.xaraethylenetetramine is dissolved in 45 grams of 30% hydrogen 
peroxide solution which is stirred mechanically in a beaker standing in 
a freezing mixture of cracked ice with water and a little salt. To the 
solution 21 grama of powdered citric acid is added slowly in small 
portions at a time while the stirring is continued and the temperature 
of the mixture is kept at O'" or below. After all the citric acid has dis- 
solved, the mixture is stirred for 3 hours longer while its temperature 
is kept at 0". The cooling is then discontinued, the mixture is allowed 
to stand for 2 hours at room temperature, and the white crystalline 
product is filtered off, washed thoroughly with water, and rinsed with 
alcohol in order that it may dry out more quickly at ordinary tempera- 
tures. 



Hexamethylenctriperuxidcdiaminc is almost insoluble in water 
and in the common organic solvents at room temperature. It 
detonates when struck a sharp blow, but, when ignited, burns 
with a flash like nitrocellulose. Taylor and Rinkenbach found 
its true density (20® /20®) to be 1.57, its apparent density after 
being placed in a tube and tapped 0.66, and its density after 
being compressed in a detonator capsule under a pressure of 2500 
pounds per square inch only 0,91, They fivund that it required a 
3- cm. drop of a 2-kilogram iveight to make it explode, but that 
fulminate required a drop of only 0.25 cm. In the sand test it 
pulverized 21/2 3 times as much sand as mercury fulminate, 

and slightly more sand than lead azide. It is not dead-pressed 
by a pressure of 11,000 pounds per square inch. It is considerably 



more effective than mercury fulminate as an initiator of detona- 
tion, Taylor and Rinkenbach, working with 0.4-gram portions of 
the high explosives ami witli varying weights of the primary 
explosives, compressed in dctonatrir capsules vmder a pressure of 
1000 pounds per square inch, found tlic iiiiniimuo charges neces- 
sary to produce detonation to be as indicated in the following 
table* 



MiNtMVM Intti.mixg Ch.\rge 



HoNimacthykilrt 



ox idrdiiu Iliac 



"Widmiit 



Ficuhe 104, TctracDDe Crystals (150X) 



Krrnforr.' 
iiip Cai> 



Rrrnforr' 
jiiK Clip 



Flrrnforc' 
inp Clip 



Hjrui ExfuisivK 



It is as efficient as fulminate only if it is externally initiated. 
It is used in detonators either initiated by another primary ex- 
plosive and functioning as an intermediate booster or mixed with 
another primary explosive to increase tlm sensitivity of tlie latter 
to flame or heat* A recent patent recommends the use of a 



TTinilrotolucne 
Picric ncifl ...... 

Tetryl 

Ammanitmi pitTsitc 
Tctranitroanilinr . . 
Cmnidinc pit;m1c 
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Trinitrorrsorcinol 0.20 0.08 0.10 

Ilcxanitrodiphrnylaininc 0.05 0.05 

Trinitrobenzaldchyde 0.08 0.10 

Taylor and Kinkrnbarli found tliat 0.05-p;ram portions of hexa- 
mcthylcnctriperoxidcdiaininc, pressed in No. 8 detonator capsules 
under a pressure of 1000 pounds per square inch and fired by 
means of a black-powder fuse crimped in the usual way, caused 
the detonation of ordinary 40% nitroglycerin dynamite and of a 
gelatin dynamite which had become insensitive after storage of 
more than a year. The velocity of detonation of HMTD, loaded 
at a density of 0.88 in a column 0.22 incli in diameter, was found 
by the U. S. Bureau of Mines Explosives Testing Laboratory to 
be 4511 meters per second. 

A small fpiantity of IIMTD dccomi)osed without exploding 
W’hen droppcfl onto mnlten metal at 190®, but a small quantity 
detonated instantly when droj^ped onto molten metal at 200®. 
A 0.05-gram sample ignited in 3 seconds at 149°. At temperatures 
which arc only moderately elevated the explosive shows signs of 
volatilizing and decomposing. Taylor and Rinkenbach report the 
results of experiments in which samples on watch glasses were 
heated in electric ovens at various temperatures, and weighed 
and examined from time to time, as shown below. The sample 
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which had been heated at 60° showed no evidence of decomposi- 
tion. The sample which had been heated at 75® was unchanged 
in color but had a faint odor of methylamine and appeared 
slightly moist. At 100® the substance gave off an amine odor. 
The residue which remained after 24 hours of heating at 100® 
consisted of a colorless liquid and needle crystals which were 
soluble in water. 



% Weight Lost at 


60« 


75- 


100* 


In 2 hrs 


. 0.10 


025 


325 


In 8 hrs 


. 0.35 


0.60 


29.60 


In 24 hrs 


. 0.50 


120 


67.95 


In 48 hrs 


. 0.50 


225 





When hexaraethylenetripcroxidediamine is boiled with water, 
it disappears fairly rapidly, oxygen is given off, and the colorless 
solution is found to contain ammonia, formaldehyde, ethylene 
glycol, formic acid, and hexamethylenetetramine. 

Friction Primers 

Friction primers (friction tubes, friction igniters) are devices 
for the production of fire by the friction of the thrust, either push 
or pull, of a roughened rod or wire through a pellet of primer 
composition. They are used for firing artillery in circumstances 
where the propelling charge is loaded separately and is not en- 
closed in a brass case supplied with a percussion primer. They 
are sometimes crimped to an end of Bickford fuse for the purpose 
of lighting it. They are sometimes used for lighting flares, etc., 
which are thrown overboard from airplanes. For this use, the 
pull element of the primer is attached to the airplane by a length 
of twine or wire which the weight of the falling flare first pulls 
and then breaks off entirely. 

The following table shows three compositions which have been 
widely used in friction primers for artillery. All the materials 



Potassium chlorate 


2 


562 


44.6 


Antimony sulfide 


1 


24.6 


44.6 


Sulfur 




9.0 


3fi 


Meal powder 






3.6 


Ground glass 




102 


3fi 



are in the powdered condition except in the first mixture where 
half of the potassium chlorate is pow^dered and half of it is granu- 
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lar. The first mixture is probably the best. The sulfur which is 
contained in the second and third mixtures makes them more 
sensitive, but also makes them prone to turn sour after they have 
been wxt-mixed, and these mixtures ought to be made up with 
a small amount of anti-acid (calcium carbonate, trimethylamine, 
etc., not mentioned in the table). All the mixtures are w’et-mixed 
with 5% gum arabic solution, loaded wet, and dried out in situ 
to form pellets which do not crumble easily. 

In a typical friction primer for an airplane flare, ignition is 
secured by pulling a loop of braided wdre coated with red phos- 
phorus and shellac through a pellet, made from potassium chlo- 
rate (14 parts) and charcoal (1.6 parts), hardened with dextrin 
(0.3 part). 

Percussion Primers 

Percussion primers produce fire or flame from the impact of 
the trigger or firing pin of a pistol, rifle, or cannon, or of the 
inertia-operated device in a fuze which functions when the pro- 
jectile starts on its flight (the so-called concussion element, the 
primer of which is called a concussion primer) or of that which 
functions w'hen the projectile strikes its target (the percussion 
element). A typical primer composition consists of a mixture of 
mercury fulminate (a primary explosive which produces the first 
explosion wuth heat and flame), antimony sulfide (a combustible 
material which maintains the flame for a longer time), and potas- 
sium chlorate (an oxidizing agent which supplies oxygen for the 
combustion). Sometimes no single primary explosive substance 
is present ; the mixture itself is the primary explosive. Sometimes 
the compositions contain explosives such as TNT, tetryl, or 
PETN, which make them hotter, or ground glass which makes 
them more sensitive to percussion. Hot particles of solid (glass 
or heavy metal oxide) thrown out by a primer will set fire to 
black powder over a considerable distance, but they will fall 
onto smokeless powder without igniting it. The primers which 
produce the hottest gas are best suited for use with smokeless 
powder. 

Primer compositions are usually mixed by hand on a glass-top 
table by a workman w'earing rubber gloves and working alone 
in a small building remote from others. They are sometimes 
mixed dry, but in this country more commonly wet, with water 
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or with water containing gum arabic or gum tragacanth, with 
alcohol alone or with an alcohol solution of shellac. The caps are 
loaded in much the same manner that blasting caps are loaded, 
the mixture is pressed down by machine and perhaps covered 
with a disc of tinfoil, the anvil is inserted and pressed into place 
(unless the primer is to be used in a cartridge or fuze of which 
the anvil is already an integral part), and the caps are finally 
dried in a dry-house and stored in small magazines until needed 
for loading. 




Top view (2 ^pes) 

FiauRE 105. Primer Cap for Small Arms Cartridge. 





CHEMISTRY OF EXPLOSIVES 



POOR MAN'S JAMES BOND Vol . 2 



For many years the standard mijrture in France for all caps position will tend to nullify the effect of the souring, 
which were to be fired by the blow of a hammer was made from 

2 parta of mercury fulminate, 1 of antimony sulfidcj and 1 of jg gafest to avoid the use of sulfur with chlorate e 
saltpeter. This was mixed and loaded dry, and was considered i^on-fulminate mixtures* The second of the abovc- 
to be safer to handle than similar mixtures containing potassium p^g^i^ions is an undesirable one in this respect. In ih 
chlorate* Where a more sensitive primer was needed, the standard compositions, the cuprous thiocyanate servei 

French composition for all concussion and percussion primers combustible and as an anti-acid, and it helps, partici 
of fuzes was made from 5 parts of mercury fulminate and 9 parts 

each of antimony sulfide and potassium chlora^^ ^ ^ 



primers or m , , ^ 

and they illustrate the wide variations in the proportions of the 
ingredients which are possible or desirable according to the design 
of the device in which the primer is used* 

Mercury fulminate. 10.0 28.0 4SJ8 4 5 2 11.0 32 16.5 T 19.0 

Potassium ch I orato . 37 ,0 35 JS 24 .4 2 9 3 52.5 45 50 .0 21 33 .0 

Antimony sulfide... 40.0 28.0 262 3 3 3 36.5 23 335 17 43,0 

li 

Meal powder ’ 

Ground glass 13.0 S5 , . . 5 ^ 

Ground coke t ■ ■ - ■ ■ ■ ■ 

Tetryl - ^ 



A non- fulminate primer composition is probably somewhat • 

safer to mix than one ’which contains fulminate* It contains no . 

single substance which is a primary explosive, only the primary I 

explosive mixture of the chlorate with the appropriate combusti- 

bte material, or, more exactly, the explosive which exists ^ the , 

point of contact between particles of the two substances* For a r- - i 

non-fulminate primer to perform properly, it is necessary that Figure 106* Longitudinal Sec|ons of Militaiy Rifie Animumtmn^ 
the co^pcition should be mixed thom.ghly -d ve^ uni^ 

in order that dissimilar particles may be found in contact with that, Canadian .30 caliber, all have anvils 

each other beneath the point of the anvil and may be cnishod Berdan type integrally one with the meUl of the cartridge case* 

together by the blow of the trigger* It is not absolutely essential 

that fulminate compositions should be mixed with the same uni- mixture, by supplying copper oxide which is a solid vehicle 

formity. Even if no fulminate happens to lie beneath the point 
of the anvil, the trigger blow sufficiently crushes the sensitive 
material in the neighborhood to make it explode. For mechanical 
reasons, the ingredients of primer composition ought not to be 
pulverized too finely. 

Several non-fulminate primer compositions are listed below. 

Potoj^sium chlorate , . . . 50 5054 67 00 53 

AutitnoDy sulfide 20 2631 30 17 

Lead thiocyanate . ^ 

Lead peroxide 25 ... 

Cuproua thiocyanate . . 1® 3 

TNT S 5 

Sulfur S.76 16 7 

Charcoal ' ■ ■ ^ 

Ground glas9 ^239 

Shellac 

Sulfur ought not to be used in any primer composition, whether 
fulminate or non- fulminate, which contains chlorate unless an 
anti-acid is present* In a moist atmosphere, the sulfuric acid, 
which is inevitably present on the sulfur, attacks the chlorate, 



to the chlorides which come from the chlorate, and to the sulfates 
which result from the combustion of the antimony sulfide* The 
following tabic lists several non-chloratc, non-crosivc primer 
compositions. They contain no compounds of chlorine. They con- 



Mercnry fulminata 
Antimony sulfide . 
Barium nitmte . . . 
Lend peroxitlc . , . . 
Load chromate . . . 
Barium carbonate 
Picric acid 



Powdered gla^. 
Cakium silicidc 
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A 

Absorption of moisture by smoke- 
less powder, 298, 313 tf. 
Accelerant coating, 328 
Acetaldehyde, 235, 278, 394, 405, 407 
Acetic acid, solvent, 207, 225, 227. 

240, 241, 243, 244, 245, 312, 444 
Acetnaphthalide, 150 

Acetone, 150 

solvent, 135. 152, 158, 169, 174, 
177, 180, m, 186, 189, 207, 216, 
219, 225, 226, 227, 229, 232, 240, 

241, 242, 243, 259, 269, 275, 279, 
282, 284, 290, 295, 296, 297, 319, 
321, 334, 388, 397, 398, 433, 436, 
437, 444 

Acetophenone, 321 
Acet-p-toluide, 385 
Acetyldinitroglycerin, 222 
Acetylene, 3^ 235 

Aerial shells, 44, 56, 63. 81, 82, 83, 
86, 87, 88, 100 ff.. Ill 
Airplane flares, 63, 68, 69 
Albit, 361 

Alcohol, 60, 66, 69, 81, 84, 86. 90, 
119, 134, 135, 150 
solvent, 135, 136, 145, 149, 152, 
158, 168, 169, 181, 184, 185, 186, 
187, 207, 208, 216, 218, 219, 225, 
227, 230, 232, 236, 237, 238, 240, 
241, 242, 243, 244, 258, 265, 279, 
284, 290, 300, 304, 305, 311, 315, 
321, 322, 359, 360, 369, 371, 372, 
373, 376, 380, 394, 395, 397, 398, 
404, 410, 428, 433, 436, 437, 445, 
447 

Alcoholic ammonia, 312, 375 
Aldol, 235 

Alkaline permanganate oxidation, 
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Ammonia dynamite, 334, 339, 341, 
342 

Ammonia gelatin dynamite, 346 
Ammoniacal copper sulfate, 376 
Ammoniacal silver nitrate, 219, 376, 
401, 402, 448 
Ammoniakkrut, 335 
Ammonium acetate, 430 
Ammonium alum, 353 
Ammonium carbamate, 372 
Ammonium carbonate, 279, 284, 



385, 386 

Ammonium chlorate, 359 
Ammonium chloride, 58, 60, 65, 67, 
123, 352, 353, 357, 392 
Ammonium dichromatc, 120 
Ammonium iodide, 375 
Ammonium me thy la it nun ine, 372 
Ammonium nitrate, 3, 49, 50, 120, 
130, 133, 154, 157, 169, 172, 226, 
242, 275, 276, 281, 324, 333, 335, 
336, 348, 350, 352, 353, 365, 367, 
368, 370, 379, 380. 391 
effect of particle size on velocity 
of detonation, 351 
effect on temperature of explo- 
sion of dynamite, 351 
explosibility of, 349 
temperature of explosion of, 210, 
350, 391 

Ammonium nitrate explosives, 341, 
342, 343, 346, 350, 351, 352, 359, 
364 

invention of, 335, 336 
Ammonium nitrate militaiy ex- 
plosives, 367, 368, 391 
Ammonium oxalate, 352, 353, 365 
Ammonium perchlorate, 3, 359, 365, 
366 

Ammonium persulfate, 312 
Ammonium phosphate, 357 
Ammonium picrate, 51, 63, 70, 71, 
167, 168, 443 
in colored fires, 71 
preparation of, 168 
sensitivity to initiation, 434, 452 
sensitivity to shock, 165 
sensitivity to temperature, 165 
Ammonium sulfate, 353, 379, 380 
Ammonium sulfide, 280, 377, 443 



Ammonium thiocyanate, 120, 367, 
368, 375, 379 

Ammonium trinitrocresolate, 169 
Ammonpenthrioit, 281 
Ammonpulver, 45, 49, 50 
Ammunition, complete round of, 
6ff. 

Amyl acetate, 244, 321, 438 
Amyl alcohol, 207, 307, 308, 309, 310 
Anagram, black powder, 38 
Analysis of black powder, 47, 48 
Angina pectoris, 208 
Aniline, 126, 128, 129, 131, 133, 136, 
141, 150. 178, 181, 185, 188, 308, 
371, 385, 398. 436, 444 
Aniline nitrate, 442 
Aniline red, 265 
AniJite, 355 
Anisic acid, 170 
Anisol, 170 

Anthracene, 124, 129, 327 
Anti-acid, 84, 106, 275, 308, 333, 342, 
454, 456, 457 
Anti-flash agents, 327 
Anti-flash bags, 324, 325 
Antimony metal, 64, 69, 71, S3, 96 
Antimony sulfide, 7, 53, 55, 57, 58, 
61, 64, 66, 69, 71, 83, 86, 87, 89, 
95. 99, 453, 454, 455, 456, 458 
Antioxidant, 323, 325 
Anvil, 455, 457 
Arabinose tetranitrate, 240 
Argols, 326 

Armoi^piercing shell, 9 
Aromatic nitro compounds, 125 ff., 
208, 269, 297, 299, 317, 327, 341, 
349, 350^ 359, 361, 433 
poisonous nature of, 125 
Arsenic sulfide, 61, 83; see also 




POOR MAN’S JAMES BOND Vol . 2 



477 



CHEMISTRY OF EXPLOSIVES 



Realgar; Orpiment 
Arsenious oxide, 124 
Artifice, 52 
Artificial silk, 257 
Ash in black powder, 48 
Asplmlt, Syrian, 121 
Attenuated ballistite, 259 
Augendre’s white powder, 358 
Auramine, 123 
Aurantia, 184 
Aurora lights, 71 
Aurum fulminans, 31, 401 
Authorized explosives, 347 
Azidotetrazole, 447 
Azo group, 127 

B 

Ball-grain powder, 265, 328 ff. 
Ballistic pendulum, 24 
Ballistite, 50, 214, 259, 293, 294, 295, 
296, 298, 308, 332, 343 
Ballistite, attenuated, 259 
erosive action of, 388 
flashlcss, 299 

progressive burning, 318 
superattenuatcd, 327 
Bamboo, 72, 114, 116 
Barium azide, 411 
Barium carbonate, 61, 64, 458 
Barium chlorate, 66, 70, 72, 86, 119 
Barium nitrate, 61, 62, 64, 65, 67, 
68, 70, 71, 72, 83, 84, 85, 86, 99, 
117, 118, 276, 287, 289, 290, 292, 
333, 352, 353, 458 
Barium perchlorate, 85, 86, 99 
Barium picrate, 63 
Barrel snakes, 120 
Base detonating fuze, 7 
Beef suet, 198 
BelHte, 349 
Bengal flame, 58 
Bengal lights, 52, 63, 70 
Benzalaminoguanidine nitrate, prep- 
aration of, 383, 384 
Benzaldehyde, 133, 151, 384 
Benzaldehyde guanylhydrazone ni- 
trate, 383, 384 

Benzaldehyde phenylhydrazone, 150 
Benzene, 129, 131, 133, 140, 154, 162 
nitration of, 128, 133 
solvent, 135, 145, 152, 154, 158, 
174, 177, 181, 184, 185, 207, 216, 
225, 227, 230, 282, 292, 293, 316, 
319, 321, 322, 371, 374, 395, 398, 
433, 438, 445, 447 

Benzene addition compound with 
mercuric nitrate, 162, 163 
Benzene-insoluble impurities in 
tetryl, 177, 178, 179, 180 
Benzenediazonium nitrate, 442 
temperature of explosion, 411 
Benzidine, 179, 180 
Benzoic acid, 128 
Benzyl benzoate, 320 
Benzyinaphthylamine, 150 
Benzylurea, 322 
Bergmann-Junk test, 268 
Bickford fuse, 12 
Biguanide, 379 
Biphenyl, 159 
Bismarck brown, 265, 266 



Bismuth, 61 
Bitumen, 35 
Biuret, 374 

Black match, 4, 5, 45, 55, 67, 69, 81, 
83, 90, 92, 98, 99, 102, 103, 104, 
111 , 122 

Black powder, 2, 4, 5, 7, 8, 10, 23, 
28 ff., 211, 253, 289, 326, 331, 334, 
346, 348, 349, 390, 405, 416, 454 
anagram, 38 
analysis, 47, 48 
burning of, 42 
development of, 39 ff. 
erosive action of, 388 
in flashless charges, 324 
in pyrotechnics, 52, 55, 58, 74, 75, 
76, 78, 80, 81, 90, 92, 93, 97, 99, 
102, 103, 104, 105, 111, 112 
manufacture, 40, 44, 45 ff. 
mill, 45, 46 

modified compositions, 45, 87, 89, 
90 

temperature of explosion, 210 
temperature of ignition, 21 
uses of, 43 
Black smoke, 124 
Black snakes, 120, 121 
Black wax, 118 

Blasting caps, 195, 212, 331, 332, 336, 
343, 357, 364, 413 ff.; see aUo 
Detonators 

Blasting gelatin, 258, 259, 332, 334, 
343, 344, 345 
drop test of, 209, 226, 285 
erosive action of, 388 
temperature of explosion, 210 
Trauzl test of, 211, 235, 285 
velocity of detonation of, 210, 336 
Blasting of Hoosac tunnel, 212 
Blasting powder, 48, 49 
Bleaching powder, 252 
Blending of smokeless powder, 306 
Blocking press, 303 
Blowing charge, 103 
Blue fire, 58, 61 
Blue lances, 58, 70 
Blue lights, 65 
Blue smoke, 123 
Blue stars, 84, 85, 86 
Blue torches, 67 

Blue vitriol, 353; see also Copper 
sulfate 

Boiling, sour, 264 
stabilizing, 261 ff. 

Boiling points of explosives, 206 
Bomb, erosion, 388, 389 
manomctric, 23, 24, 132, 157, 169, 

172, 175, 182, 389, 390, 391 
practice, 43 

Bombs, explosive for, 138, 157, 172, 
187, 355, 361, 364, 391 
Bombshells; sec Aerial shells 
Bone ash, 61 
Bones of Adam, 38 
Booster, 10, 11, 14, 166, 167, 168, 

173, 182, 190, 256, 417, 420, 424, 
425, 450 

Borax, 353 

Boulengc chronograph, 14 
Bounce, 90 
Box stars, 82, 83 
Bran. 340, 346 



Brandy, 40, 55, 57 
Brimstone; see Sulfur 
Brisance, 3, 210, 217, 234, 238, 280, 
344, 358, 368, 396, 422, 449 
tests of, 23 ff. 

Brisant explosive, 219, 238, 277, 281, 
286, 361, 364, 427, 433, 437, 442, 
450 

Brown charcoal, 42 
Brown powder, 41 
Bulk powder, 287 ff. 

Bullet impact test, 186 
Burnt lees of wine, 31 
Butyl acetate, 292 
Butyl centralite, 319; see also Di- 
butyldiphenylurea 
Butyl tetryl, 183 
Butylamine, 183 
Butylaniline, 183 
Butylene glycol, 235 
Butylene glycol dinitrate, 235 
Butyraldehydc, 407 
C 

CPi, CP* (coton-poudre), 258, 259, 
266, 320, 321, 327 
Cadmium azide. 183, 411, 412 
Ca<lmium fulminate, 183, 411, 412 
Cadmium picrate, 164 
Calcium azide, 411 
Calcium carbide, 377 
Calcium carbonate, 66, 86, 105, 106, 
122, 124, 185, 189, 276, 308, 333, 
339, 311. 345, 454 

Calcium chloride (muriate), 60, 133, 
377 

Calcium cyanamide, 377 
Calcium fluoride, 71 
Calcium hydroxide, 278 
Calcium nitrate, 200, 201, 229 
Calcium picrate, 63, 164 
Calcium silicide, 458 
Calcium sulfate, 353 
Calomel, 64, 65, 67, 70, 72, 85, 86 
Calx. 38 

Camphor, 40, 55, 61, 257, 258, 289, 
293, 294 

Candle composition, 78, 79, 80, 81, 
99, 102 

Cane sugar, 64, 239, 240, 247, 333, 
334, 350, 358 

Cups, blasting, 195, 212, 331, 332, 
336, 343, 357, 364 
primer, 455 
toy, 105, 106, 107, 400 
Carbamic acid ethyl ester, 322 
Carbamic esters (urethanes), 374 
Carbamide, 372; see also Urea 
Carbanilide, 188 
Carbazol, 150 

Carbohydrates, nitrated, 244 ff. 
Carbon dioxide, 277, 323, 326 
Carbon disulfide, 48, 119, 225, 227, 
354, 438 
solvent, 181 

Carbon monoxide, 276, 277, 323, 
327, 352 
oxime of, 408 

'temperature of inflammation of 
air containing, 325 
Carbon tetrabromide. 375 
Carbon tetraohloride, explosion of, 



with sodium, etc., 402, 403 
solvent, 145, 152, 181, 216, 398, 447 
Carbonite, 351, 352 
Casemate, 187 

Cast-iron filings, 52, 57, 58, 95 
Cast-iron turnings, 90, 92 
Castor oil, 68, 258, 269, 358, 359, 
360, 365 

Catalyst, 276, 277, 377 
Catalytic process for picric acid, 
162, 163 

Cathode-ray oscillograph, 18 
Cavities, 9, 10, 144 
Celluloid, 257. 293, 308 
Cellulose, 192, 256, 257, 259, 260, 
265 

sulfate. 260, 264 
trinitrate. 257 

Centralite, 299, 308, 319, 320, 329, 
330 

Cereal meal. 336, 341, 352, 353 
Ceric sulfate, 430 
Chalk; see Calcium carbonate 
Charcoal, 2, 28, 34, 37, 38, 39, 40, 42, 
45. 48. 49. 50, 52, 53. 61, 66, 69, 
72, 74, 75, 76. 78, 79, 83, 84, 85, 
86, 87. 88, 89, 92, 93. 95. 96, 97, 
99. 104, 105. 112, 117, 198, 254, 
275, 331, 333, 335, 336, 341, 350, 
357, 388, 454, 456 
brown, 42 

Charcoal effect, 92, 93, 98 
Cheddite, 157, 358, 359, 360, 361, 
362, 365 

Chinese crackers, 2, 11 Iff. 

Chinese fire, 52, 57, 58 
Chloramine, 427 

Chlorate; see Potassium chlorate 
Chlorate explosives, 357 ff. 
Chloratotrimercuraldehyde, 411 
Chlorine, 199 
Chlorine dioxide, 456 
Chlorobenzene, 130, 131, 135, 140 
nitration of, 140 ff. 

Chloroform, explosion of. with 
sodium, etc.. 402, 403 
solvent. 152, 174, 181, 186, 200, 207, 
216, 225. 227, 284, 309, 371, 374, 
394, 395. 397, 433, 437, 443 
Chlorohydrin, 220 
Chloropicrin. 375 
Chrome alum, 353 
Chrome yellow, 122 
Chromic acid. 135 
Chromium oxide, 276 
Chromium picrate, 165 
Chronograph, 14, 16 
Chrysoidine. 123 
Cinnabar, 61 

Cinnamic acid, 127, 385, 398 
Citric acid, 451 

Cla.ssification of explosives, 2ff. 

Clay. 73, 76, 77, 78, 80, 90, 92, 111, 
112 

Clinker, 46 

Coal, 61, 334, 336. 352 
Coal dust. 334 
Coal tar. 129 

Coated powder, 298, 307, 313, 319, 
328, 329 

Cobalt azide, 411 
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Cobult oxide, 61 
Cocoa powder, 41, 42 
Colliery Steelite, 360 
Collodin, 287 

Collodion (collodion nitrocotton), 
192, 210, 217, 218, 219, 223, 226, 
227, 233, 235, 257, 258, 281, 284, 
297, 334, 335, 343, 344, 345, 346, 
351 

Colloided smokelebs powder, 4, 7, 
41, 170, 292 ff. 

Colophony, 360; aeo aUo Rosin 
Colored 6rc sticks, 119 
Colored gerbs, 89 
Colored Hglits, 63 ff. 

Colored smokes, 122, 123 
Colored stars. 84, 85, 56 
Colored torches, 67 
Combination fuze, 7, 9 
Comets, 98, 99 
Common fire, 58 

Compound detonator, 2S0, 414, 417, 
421, 424, 438, 442, 419 
Concussion, 8, 454 
Conjugate system, 137, 163 
Cool explosive, 324, 348, 387, 392 
Copper, 429 

Copper acetate, 60, 61, 447 
Copper acetylide, 1, 3, 5 
Copper ammonium chloride, 65 
Copper azide, 411, 412 
Copper catalyst, 277 
Copper chloride, 5, 406 
basic; see Copper oxychloride 
Copper cyanamide, 376 
Copper filings, 57, 58 
Copper fulminate, 411, 412 
Copper nitrate, 60 
Copper oxalate, 85, 423, 424 
Copper oxide, 67, 457 
Copper oxychloride, 67, 70, 84 
Copper picrate, 63, 165 
Copper powder, 134, 135, 158 
Copper sulfate (blue vitriol), 58, 
60, 61, 353, 384 
basic, 70, 84 

Copper tetrammine nitrate, 149 
Copper thiocyanate, 466, 457 
Cordeau, 11 ff., 16, 17, 140, 194; see 
also Detonating fuse 
Cordeau Bickford, 12 
Cordeau Lheure, 164 
Cordite, 214, 295, 296, 298, 317, 343 
erosive action of, 388 
Cork, carbonized, 356 
Com remover, 258 
Coming mill, 46 
Coming milldust, 5, 47 
Coton-poudre (CP», CPi), 258, 259, 
266, 320, 321, 327 

Cotton, 245, 247, 251, 252, 254, 256,. 
260 

Crackers, 34, 35, 36 
Chinese, 2, lllff. 

English, 74, 97, 93, 111 
flash. 111, 117 
lady. 111 
mandarin, 111 
Cracking, 129, 224 

Cracking g;s, 199. 234 

Crcsol. 129, 130, 160 

Cresylite, 166, 169; set aUo Tr - 



nitrocresol 
Crimping, 113, 114 
Crum Brown and Gibson, modified 
rule, 127, 133, 141 
Crusher gauge, 23 
Cryolite, 63, 70, 71 
Crystal, 57 
Cut stars, 81, 89 

Cyanamide, 369, 375, 376, 377, 384, 

385, 387, 392, 447 
Cyanic acid, 370, 373, 374, 387 
Cyanogen, 3, 387 
Cyanogen bromide, 376 
Cyanogen chloride, 376 
Cyanogen iodide, 375 
Cyanosis, 125 

Cyanuric acid, 374, 387, 433 
Cyanuric chloride, 432, 433 
Cyanuric triazide, 432 ff. 
Cyclohexanone, 278, 285 
Cyclonite, 277, 369, 396 ff. 
Cycloparaffins, 129 
Cyclopentanone, 278, 285 
Cyclotrimethylenetrinitramine (cy- 
clonite), 277, 369, 396 ff. 
Cystamine, 397 ; see also Hexa- 
methylenetetramine 
Cystogen, 397; see also Hexameth- 
ylenetetramine 

D 

DD, explosive, 166 
DDNP, 443; sec also Diazodinitro- 
phenol 

DNT; see Dinitrotoluene 
DNX; see Dinitroxylcnc 
Dead pressed explosive, 4, 410, 424, 
438, 441, 444, 450, 451 
Doarrangement, urea, 373, 384, 385, 

386, 392 

Decomposition by heat,. 204, 206, 
237, 266, 267, 452, 453 
Decomposition in vacuum, 269 
Definition of explosive, 1 

Dehydrating press, 299, 300, 302 
Density of loading, 24, 132, 169, 172, 
175, 182, 267, 286, 337, 391 
effect upon explosive decomposi- 
tion, 390 

optimum, 14, 139, 361, 362, 363 
Dermatitis, 125 
Deterrent, 291, 319, 328, 329 
Detonating fuse, 11 ff., 349; see also 
Cordeau 

Detonation, velocity of, 11, 12, 14 ff., 
17, 18, 139, 140, 172, 175, 192, 
193, 194, 209, 210, 217, 231, 232, 
234, 238, 280, 281, 283, 286, 336, 
337, 340, 344, 351, 353, 356, 357, 
361, 362, 363, 364, 365, 366, 395, 
396, 410. 419, 434, 450, 452 
Detonators, 211, 237, 266, 281, 335, 
349. 356. 400, 413 ff., 426, 434, 
439 

crmpounc, 125, 182, 183, 184, 187, 
189, 19C. 280, 414, 420, 421, 438, 
442 

el^tric, 2 4, 414, 424 
manufacture of, 415, 416 
r enforced. 414, 418, 420. 446, 452 
8:zes of, 4; 4 



testing of, 421 ff. 

Devil among the tailors, 98 
Dextrin, 64, 66, 67, 72, 78, 79, 81, 83, 
84, 85, 86, 87, 88, 89. 92. 99. 117, 
118, 119, 120, 280, 425, 426, 454 
Dextrose, 208 
Diamylose, 244 
hexanitrate, 244 
tetranitrate, 244 

Diatomaceous earth, 332; see also 
Fuller’s earth 
Diazobenzene nitrate, 442 
Diazodinitrophenol, 238, 421, 443 ff. 
minimum initiating charge, 231 
small lead block test, 231 
Diazonium salts, 441 
Dibenzylnaphthylamine, 150 
Dibutyl phthalate, 327 
Dibutyldiphenyiurea, 322 
Dichlorobenzene, 140 
Dicyandiumide, 376, 377, 378, 379, 
380, 392 

solubility of, in water, 377 
Dicyandiamidine, 378 
Diethanolamine, 224 
Diethylacetul, 407 
Diethylaniline, 183 
Diethyldiphenylurea, 265, 319, 322, 
327 

Diethylene glycol dinitrate, 226 
Diethylurea, 322 
Diglycerin, 222 
Digylcerin tetranitrate, 222 
Digiycol, 224 
Dimethyl oxalate, 305 
Dimethylacetal, 407 
Dimethylaniline, 150, 176, 177, 178, 
179, 392 

Dimethyldiamonobenzene, 150 
Dimethyldiphenylurea, 319, 320, 322 
Dimethylnitramine, 371 
Dimethyloxamide, 394 
Diraethylphenyltolylurea, 320 
Dimethylsulf amide, 395 
Dimethyltoluidine, 147 
Dimethylurea, 322 
Dinitroaniline, 141, 189 
Dinitroanisol, 136 

Dinitrobenzene, 133, 135, 158, 349, 
364 

preparation of, 134 
Dinitrobenzene-diazo-oxide, 443; see 
also Diazodinitrophenol 
Dinitrobutylaniline, 183 
Dinitrochlorobenzene, 131, 140, 141, 
162, 170, 171, 172, 183, 184, 185, 
189 

preparation of, 141 
use in synthesis of explosives, 131, 
141, 162, 227, 229, 230, 276 
Dinitrochlorohydrin, 207, 215, 220, 
221, 341 

Dinitrocresol, 147 
Dint trodigly col, 226, 229 
Dinitrodimethyloxumide, 371, 394, 
395 

Dinitrodimethylsulf amide, 395, 396 
Dinitrodiphenylainine, 185, 312 
Dinitroethyleneurca, 303 
Dinitroglycerin. 200, 206, 207, 21 1 ff., 
218, 219, 222 

Dinitrohydroxyluminotoluene, 125 



Dinitromethylaniline, 141, 180 
Dinitronaphthuline, 155 ff., 350, 364, 
367, 391 

Dinitronaphthol, 163 
Dinitrophenol, 141, 159, 160, 161, 
162, 166. 189 

Dinitrophenol sulfonic acid, 160 
Dinitrophenoxyethyl alcohol, 227 
Dinitrophenylethanolamine. 229, 230 
Dinitrotoluene. 142, 145, U7, 20S, 
242, 281, 297, 317, 318, 326, 327, 
329. 336. 352, 359, 364, 365 
Dinitrotolylmethylamine, 147 
Dinitroxylene, 299, 317, 322 
Dinol, 443; see also Diazodinitro- 
phenol 

Dipenta ; see Dipentaerj’thrite hexa- 
nitrate 

Dipentaerythrite, 281, 282 
Dipentaerythrite hexanitrate, 281, 
282, 283 

decomposition by heat, 395 
Diphenyl sulfide, 208 
Diphenylamine, 48, 136, 158, 180, 
184, 240, 242, 265, 275, 276, 289, 

292, 308, 309, 310, 311, 312, 327, 
328, 329 

Diphenylamine derivatives formed 
during aging of powder, 311 
Diphenylamine reagent, 48, 371, 384, 
386, 398 

Diphenylbenzamide, 309, 310 
Diphenylcarbamic acid phenyl es- 
ter, 322 

Diphenyinitrosamine, 309, 310, 311, 
312, 313 

Diphenyltolylurea, 322 
Diphenylurea, 188, 322 
Dipicrylurea, 188 
Discovery of gunpowder, 28 ff. 
Disulfur dicliloride, 438 
Ditetrazolyltriazine, 448 
Ditolylurea, 322 

Dope, 275, 334. 340, 345 
Duiible-ba.se smuk(‘lt>s.s powtlcr, 226, 

293, 294, 295, 206, 298, 299, 307, 
320. 329 

Dow proce.s8, 130, 131, 140 
Drift, 73, 75 
Drivers, 91, 92 

Drop test, 21, 138, 165, 172, 175, 182, 
1S4, 186, 189, 209, 221, 226, 227, 
230, 231, 238, 242, 280, 2S2, 285. 
336, 340, 366. 394, 398, 431, 434, 
437. 440, 451 
Drowning wash. 203 
Dulcite, 238 

Dulcitol hexanitrate, 238 
Dynamite, 3, 14. 139, 154, 157, 175, 
198, 203, 204, 207, 212, 214, 229, 
308, 331 ff.. 452 
frozen. 210 

manufacture of, 338, 339, 340, 342 
non-freezing, 125, 130, 145, 215, 
220, 222, 223, 238 
velocity of detonation, 193, 210, 
337 

E 

E. C. powder, 289 
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Ecrasite, 169 

ElTeet of groups, orienting, 127, 155 
on ease of substitution, 128, 159 
on Gxploisive strength, 132, 133 
on toxicity. 125 

Effect of temperature on orienta- 
tion. 127 

Electric detonator. 214 
Electric effect, 99 
Electric spreader stars, 87, 88 
Electric stars. 83, 85. 86, 99 
English crackers. 74, 97. 98, 111 
Epsom salt, 353; see aUo Magne- 
sium sulfate 

Erosion, 296, 388, 389. 457. 458 
Erythrite, 235. 278 
Er>’thritol tetranitrate, 235, 280 
Ester interchange. 171 
Ethanolamine, 199, 229. 230 
Ether, solvent, 135, 152. 169, 181, 
1S6, 187, 207. 216, 218, 219, 225, 
226, 242, 279, 284, 300. 305. 311, 
369. 371, 372, 374, 376, 394, 395, 

397, 398, 433, 438, 447 
Ether-alcohol, solvent, 255, 256, 257, 

258, 259. 267, 275, 287. 289, 292, 
297, 299, 302, 304, 313, 316, 317, 
334, 376 

Ethyl acetate, solvent, 168, 184, 207, 
219, 244, 296, 321, 328, 329, 388, 

398, 444 

Ethyl acetoacetate, 320 
Ethyl benzoate, 398 
Ethyl centralite, 319 
Ethyl citrate, 320 
Ethyl malonate, 320, 321 
Ethyl nitrate, 191, 192, 194, 195, 233, 
331, 405 

Ethyl nitrite, 405, 428 
Ethyl oleate, 321 
Ethyl oxalate, 320, 321 
Ethyl phthalate, 320. 322 
Ethyl picrate, 172 
Ethyl ricinoleate, 320 
Ethyl sebacate, 320, 322 
Ethyl stearate, 320. 321 
Ethyl succinate, 320 
Ethyl tetry], 183 
Ethylaniline, 183 

Ethylcarbamic acid ethyl ester, 322 
Ethylene. 199, 223. 224, 229, 230, 234 
nitration of, 228 
Ethylene chloride, 207 
Ethylene phlorohydrin, 224 
Ethylene dinitrate, 223 ; a»e aho Ni- 
trpglycql 

Ethylene glycol dinitrate, 223; see 
aUo Nitroglycpl 
Ethylene oxide, 224 
Ethylene urea, 322, 3^3 
Ethylenedinitramine, 393> 394, 396 
Ethyltriphenylurea, 322 
Eutectic, 154, 166 

Exploeifs NX. NT, NTN, NDNT, 
N2TN, 367 

Explosif P, 360. 361,362 
Explosif S, 360, 361, 362, 367; see 
also Schneidcritc 
Explosive, dehnition of, 1 
Explosive N4, 391 
Explosive NO, 391 



Explosive power, tests of, 23 ff. 
Explosive wave, 11, 12, 13, 18, 138 
External moisture, 305, 313, 314, 315 
Extra-dynamite, 335 
Exudation, 144, 335, 338 

F 

Fabric cordeau, 11 
Fulling weight test, 21 
Fat, 198 
Fatty acid, 198 

Favier explosives, 157, 350, 351, 352, 
391 

Fehling’s solution, 240, 241, 243, 244, 
280 

Fermentation, 199, 233 
Ferric chloride, 430 
Ferric picrate, 165 
Ferrous ammonium sulfate, 384 
Ferrous chloride, 280 
Ferrous picrate, 165 
Ferrous sulfate, 266, 268, 270 
Festoon, 82 
Finishing press, 304 
Fire balls, 55 

Fire damp, 346; see also Methane 
Fire wheel, 58 
Fire wick. 97 

Firecrackers, 34, 35, 36. Ill, 112 ff. 

First fire composition. 69 

Fixed star, 58 

Flaming Red B, 123 

Flash crackers, 1L7 

Flash powder, 112 

Flash reducing agents, 320 

Flash report, 105 

Floshless balUstite, 209 

Flashless charges, 298. 322 ff. 

Flashless explosive, 391, 392, 303 
Flashless powder, 49, 50, 170, 298, 
299, 322 ff., 387 
Floral bouquets, 90 
Flour, 340, 341. 345, 346, 350, 351 
Flower pobs, 90 
Forcite, 346 

Formaldehyde, 1S2, 278, 283, 284, 
285, 300, 397, 398, 407, 453 
utilization of, 276 ff. 

Formic acid, 278, 40S, 453 
Formonitrolic acid, 407 
Formyldinitroglycerin, 222 
Fountains, 53, 90 
Friction igniters, 453 
Friction priinQrs, 453 
Friction tubes, 453 
Frozen blasting gelatin, 343 
Frozen dynamite, 210, 334, 336 
Frozen nitroglycerin, 207, 212 ff. 
Fructosan trinitrate, 243 
Fructose, 236, 243 

Fuller’s parth, 196, 216, 218, 332, 336 
Fulminate-chlorate. 183, 186, 417, 
421, 432 
density, 434 

minimum initiating charge, 418 
sand test of detonators contain- 
ing. 417 

temperature of explosion, 435 
velocity pf detonation, 434 
Fulminating compositions, 1Q9, 117 
P^lIminating compounds, discovery 
of. 400 ff. 



Fulminating gold. 3. 400. 401 
Fulminating mercury. 402 
Fulminating platinum, 400, 402 
Fulminating powder, 31 
Fulminating silver. 400, 401, 403 
Fulminic acid. 400, 407, 408 
Fuse. 2. 6, 47, 103. Ill, 114, 115, IIC, 
117 

Fuse powder. 100 
Fuse, 6, 7, 8. 9, 45 

Q 

Qalactosan trinitrate, 243 
Galactose, 238, 243 
Galactose pentanitrate, 243 
Galactose trinitrate, 243 
Gallic acid, 73 
Gas tar, 129 
Gasoline, 355 
Gelatin, 425 

Gelatin dynamite, 220, 333, 334, 335, 
330, 344, 343. 346, 452 
Tniuzl test of. 311, 281 
Gelatin penthrinit, 2Sl 
Gelatinizing agents for nitrocellu- 
lose, 208. 217, 218, 219, 223. 226. 
227. 233, 234, 233, 284. 2$7, 289, 
294, 295, 317, 319, 320 ff. 
Gelignite, 343 
Gerbs, 73, 89. 90, 91, 92 
Giant steel fountain. 90 
Glauber’s salt, 353; see also Sodium 
sulfate 

Glazed powder, 291. 293, 295, 306, 
330 

Glazing of black powder, 47. 49 
Globe torpedoes. 108. 109 
Glonoin. 208 
Giucoheptose. 244 
Glucoheptose hexanitrate, 244 
Glucosan, 241 
Glucosan trinitrate, 241 
Glucose. 118, 238. 240, 241, 256 
Glucose pentanitrate, 241 
Glue. 66. 124, 326 

Glycerin. 191, 196, 197, 198 ff., 206, 
220, 222, 325, 233, 234, 236, 240. 
268, 334. 352 

Glycerin chlprohydrin dinitrate; see 
Dinitrochlorohydrin 

Glyceryl diuitrate. 200. 201, 214 ff ; 

see eleo Dinitroglycerin 
Glyceryl monofprmate, 222 
Glyceryl mononitrate, 215, 218; srr 
also Mononttroglycerin 
Glyceryl trinitrate, 191, 195, 215; 

see also Nitroglycerip 
Glycol, 191, 199, 223, 224, 227, 228, 
240, 334, 397, 407. 453 
Glycol diuHrate, 191, 199; fee also 
Nitroglycol 
boiling point of, 206 
GlycolHc acid, 228 
Qlyoxal, 407 
Gold chloride, 4Q1 
Gold, fulminating. 3, 400, 401 
Gold gerbs, 89 
Gold powder, 57 
Gold showers, 87 
Gqld stars, 86 
Gold streamers, 87 
Grades of black powder, 47 



Granite stars, 87, 88 

Graphite. 49. 291, 293, 295, 306, 330 

Grasshoppers, 74, 98, 111 

Gravel, 106, 107, 108 

Gravel board, 106, 107 

Gray smoke, 123, 124 

Greek fire, 32, 34, 37 

Green fire. 57, 58. 60, 61. 71, 72 

Green lances, 58, 70 

Gmen lighto, 64. 65. 71, 72 

Green meteor, 99 

Green smoke, 123 

Green stars, 84, 85, 86 

Green torches, 67 

Grenade, 33 

Grenade explosive. 275. 289. 361 
Grenite. 275 
Grisounite. 157. 350 
Grisoutine. 351 
Ground coke. 455 

Ground glass. 57. 453. 454. 455. 456. 
458 

Guanidine. 373, 374. 377 
Guanidine carbonate, preparation 
of. 385. 386 
Guanidine iodide. 375 
Guanidine nitrate. 50, 168. 324. 348, 
374 ff.. 381 
preparation of. 380 
temperature of explosion. 389 
Guanidine perchlorate. 366 
Guanidine picrate. 168. 169. 281 
sensitivity to initiation. 452 
Guanidine sulfate. 378. 379, 380 
Guanidine thiocyanate, 376, 379 
Guanidonium ion, 374 
Guanine, 374 
Guanyl azide, 448 
Guanylguanidine, 379 
Guanylhydrazine, 383 

G uuny Ini trosoaminoguany 1 tetrazene, 
446; see also Tetracene 
Guanylurea, 378 
Guhr; see Fuller’s earth 
Guhr dynamite, 332, 343. 358 
drop test, 226. 285, 336 
properties of. 336, 337 
temperature of explosion, 210, 351 
Trauzl test of, 211, 223, 235. 285 
Qum agragante, 55 
Qum arable, 53, 66, 68, 81. 12Q, 123. 

275. 329. 454. 455 
Gum, K. D.. 67 
Gum, oil of, 34 

red, 64. 65, 66, 67, 86, 87, 90, 118, 
119 

Gum tragacanth, 455 
Gum yacca; see Red gum 
Guncotton. 18, 175, 219, 247, 248, 
249, 250. 251, 252, 253, 254, 255, 
256, 258, 259, 263, 287, 289, 295, 
296, iiar. 317, 327, 388; we aUo 
Nitrocellulose 

analysis of, for nitrogen, 270 
high-grade, 263 
Trauzl test of, 211 
velocity of detonation, 194 
wet, 256 

Gunpowder; see Black powder 
Gypsum, 353; see also Calcium smI- 
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fate 

H 

HMTD. 451 
Hang 456 
Ifard lead> 96 
Hat snakes, 120 

Headache, 208, 215, 225» 227, 233, 284 
Heat test, 268, 269, 285 
Helihoffite, 354 
Hexanmylose, 244 
Hexachlorocthtlne, 123 
Hexamethylenetetramine, 396, 397, 
451, 453 

Hexamethyienetetraminc nitiUie, 307 
Hexamethy len etri pe roxid c‘( ! m i ne . 
451, 452. 453 

Hexamin, 184; see ttho Hexanitro<li> 
phehylumine 

Hexamine, 397 ; see ah6 HeXameth- 
ylenetetramine 
Hexanitroazobenzene, 1S9 
HoXanitr&biphcnVl, l40. 158, 159 
Hexanitrocarbunilido, 188 
Hexanitrodiphenyl sulAde, 22, 172, 
187 

Hexanitrodiphenyl sulfone, 22, 187 
Hexanitrodiphenylamine, 141, 184 ff,, 
190 

ammonium salt, 138, 184 
explosive powder, 159 
preparation of, 185, 186 
sand test of, 446 

sensitivity to initiation, 231, 446, 
452 

sensitivity to shock, 138, 186 
sensitivity to temperature, 22 
velocity of detonation, 186 
Hcxanitrodiphenylamiuoethyl ni> 
trate, 232 

Hexanitrodiphenylurea, 188 
Hexanitro-oxanilide, ISS 
Hexanitrc^benzenc, 437 
Hexil; see Hexanitro<liphenylamine 
Hexite ; see Hexanitrodiphenylamine 
Hexogen, 396 

High explosive, definition of, 3 
High explosive shell, 9 
Highway warnings, 63, 65 
Hollowed charges, 20 
Hull shavings, 259 
Hydrazine, 146, 189, 387, 426, 427, 
428, 429 

Hydrazine hydrate, 428 
Hydrazine perchlorate, 366 
Hydrazine sulfate, 427 
Hydrazoic acid, 420, 426, 427, 428, 
448 

Hydrazotates, 420 

Hydrocarbons, heavy, 275; see also 
Petroleum 

Hydrocellulosc, 317, 327 
Hydrocyanic acid. 433; «rc aUo 
Prussic acid 

Hydrogen chloritlc, 221, 365 
Hydrogen peroxide, 451 
Hydronitrio acid, 420 
Hj'droxyethylaniline, 220 
Hydroxylamine, 137, 408 
Hydroxytetryl, 178 



Hygroscopicity of powder, 158, 170, 
313 ff„ 327 

Hypochlorous acid, 224 
I 

Igniter, 7 

Ignition temperature, 3, 21, 165, 189, 
206, 446 

Impact, sensitivity to, 21, 138, 157, 
165. 168, 184 

incendiary' compositions, 28, 35, 52 
Indigo, 123, 164 
Indoof filreworks, 70, 93 
indunte, 296 

Inhibitory effect of groups, 128 
Initiator, 2, 11 
Iodine, 409 
IroUi 429 

Iron fiiings, 52, 57, US 
iron oxide, 61 
Iron piemte, 63, 165 
iron Scale, 53 
Iron wire, 118 
Isoamyl phthalate, 322 
Isoamyl sebacate, 322 
Isonitroacetic acid, 407 
Isonitrosoucetaidehyde, 407 
Isopropyl alcohol, 207 
Isopropyl nitrate, 195 
Itching, 140, 141 
Ivory, 61 
Ivory black, 122 

J 

Japanese ffreworks, 63 
Japanese torpedoes, 106, 107 
Jets, 89 

Judson powder, 334 
K 

KX starch tost. 268, 285 
Kekulc oil, 22S 
Kerosene, 66 

Kieselguhr, 235, 332, 354, 356; see 
also Guhr; Fuller’s earth 
Koronit, 361 

L 

Lachrymaior, 140, 144 
Lactose, 65, 123, 208, 238, 240 
Lactose Hexanitrate, 242 
Lactose octonitrate, 241 
Lady crackers, 111 
Laevulosan, 243 
Laminated powder, 298, 318 
Lamium, oil of, 34 
Lampblack, 57, 61, 64, 65, 70, 71, 72, 
84, 85, 86, 90, 108, 118, 289, 356 
Lampblack effect, 98 
Lampblack stars, 86, 87 
Lances, 57, 58, 63, 69 
Lead acetate, 425, 440 
Lead azide, 3, 4, 8, 169, 183, 209, 281, 
391, 420, 421, 424 ff., 431, 434, 
440. 450 

density, 430, 434 
drop test, 200 
efficiency as initiator, 280 
minimum Initiating charge, 231, 
412, 439, 441, 446 



sand test of, 445^ 451 
sensitivity to fire^ 419 
temperature of explosion, 411, 436 
1'rauZl test of, 438, 446 
velocity of detonation, 434 
Lead chloride, 84 
Lead chromate, 430, 458 
Lead dinitrocresolate, 147 
Lead nitrate, 63, 70, 96, 425, 430 
Lead oxide, 147 
Lead peroxide, 430, 456, 458 
Lead picrate, 3, 6, 63, 164, 417 
lead styphnate, 3, 169, 421, 424, 440, 
441 

density, 434 

Load stypltnafo, temperature of ex^ 
plosion, 435 

velocity of detonation, 434 
Lead trlnittOi'esoi'CinutG, 440 ^ see 
also Lead styptmale 
Lead thiocyanate, 456 
Lead block compression test (lead 
block crusliing test), 24 ff., 192, 
341, 342, 364, 365, 3dl, 421; see 
also Small lead block test 
Lead block expan.^ion test (TrtiUzl 
test), 24 ff., 132, 133. 150, 175, 
192, 341, 342, 344, 353, 357, 364, 
365, 366 

Lead plate test. 26, 27. 233, 421 
Ligroin, 216, 240, 241, 284, 316, 321, 
322 

Lilac fire, 93, 118 
Lilac lances, 70 
Lilac stars, 84 
Lime nitrogen, 377 
Linen, 245, 247 

Linseed oil, 34, 35, 68, 90, 118, 121 
Linters, 259 

Liquid explosives, 211, 214, 284, 343; 

see also Sprcngel explosives 
Liquid fire, 33, 78 
Liquid oxygen explosives, 355 ff . 
Litharge, 6, 95 
Lithium azide, 411 
Lithium chloride, 325 
Litmus, 204, 217, 220, 406 
Loading, by compression, 167 
by pouring, 130, 166 
Low explosives; see Propellants 
Low-freezing (1. f.) dynamite, 333, 
334, 339, 341 
Lycopodium, 86 

Lyddite, 150, 166; see also Picric 
acid 

M 

MDH, explosive, 157 
MDPC, explosive, 166 
MMN, explosive, 157 
MTTC, explosive, 166 
Macaroni press, 302 
Magnesium, 62, 81, 86, 429 
Magnesium carbonate, 86, 187, 339, 
346 

Magnesium flares, 68 
Magnesium oxide, 440 
Magnesium picrate, 63 
Magnesium stars, 86 
Magnesium styphnate, 440 
Magnesium sulfate, 353 



Muluchitc green, 123 
Maltose octonitrate, 241 
Mandarin crackers, 111 
Manganese azide, 411 
Manganese dioxide, 66, 108, 365; see 
also Pyrolusite 
Manna. 236, 238 
Mannitol, 236 
Mannose, 236 
M^dihose pentanitrate, 241 
Manometric bomb, 26, 24, 132, 157^ 
169, 172, 175, 389, 390. 391 
Marine flare torch, 67 
Marine signals, 63, 66 
Maroons, 104, 105, 358 
Malta, 35 
Match, 35, 97 

Meal powder. 5, 44, 45, 58, 58, 69, 83, 
86, 87, 89, 92, 93, 95, 97, 99, 100, 
122, 435, 455 
Melam, 387 

Melamine, 376, 386, 387 
Melanina, 198 
Melem, 387 

Melinite, 159, 166; see also Picric 
acid 

Mercury, 269, 270, 271, 272, 273, 370, 
371, 404, 405, 406, 427, 429 
Mercury azide, 183, 411, 412, 420 
Mercury chloride, 402, 407 
Mercury fulminate, 3, 4, 7, 8, 10, 11, 
139, 165, 167, 168, 183, 184, 189, 
209, 221, 223, 332, 349, 354, 391, 
394, 399, 405 ff., 413, 415, 416, 
417, 418, 420, 424, 430. 431, 432, 
433, 436, 439, 445, 450 
analysis of, 408, 409 
dead pressed, 410, 441 
density, 434 

Mercury fulniinatt*, deterioration of, 
410 

discovery of, 103, 404, 405 
drop tost, 209, 431, 449, 451 
in primer compositions, 454, 455, 
456, 458 

minimum initiating charge, 231, 
412, 418, 419, 433, 434, 441, 446, 
452 

preparation of, 406, 407 
sand test of, 417. 432, 445, 451 
temperature of explosion, 210, 411, 
435, 449 

Trauzl test of, 211, 438, 446 
velocity of detonation, 434 
Mercury nitrate, 120, 133, 162, 163 
Mercury oxalate, 3 
Mercury oxide, 376, 402 
Mercuiy sulfide, 119 
Mercury tartarate, 3 
Mercury tetrathionate, 408 
Mercury thiocyanate, 119, 120 
A/elu-hydroxytetiy], 178 
Metaldehyde, 407 
A/e/a-nitrotetryl, 178, 179, 180 
Meteors, 98, 09 

Methane (fire damp), 346, 347, 348 
Methenaminc, 397; see also Hexa- 
me thy lene te tramine 
Methyl alcohol, 407 
solvent, 207. 227, 241, 242, 243, 295, 
296, 360, 444 
synthetic, 276, 277, 369 
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Methyl nitrate, 191, 192 ff,, 194, 233, 
331 

boiling point of, 206 
Methyl orange, 265, 409 
Methyl phthalate, 322 
Methyl picrate, 138, 169 
Methyl sebiicate, 322 
Methyl violet test, 268 
Methylamine, 141, 180, 181, 276, 284, 
386, 394, 395, 398, 453 
Methylaniline, 175, 180 
Methylcarbamic acid ethyl ester, 322 
Methylene blue, 123 
Methylene group, 195 
Methylglucoside tetranitrate, 243 
Methylglycol dinitratc, 234, 237 
Methylindole, 150 
Mcthylmannosidc, 243 
Methylmannoside tetranitrate, 243 
Methyinitramine, 181, 269, 370, 371, 
372, 395 

Methylnitroglycol, 234 
Methylnitroguanidine, 386 
Methylnitrourethano, 372 
Methylol group, 277 
Methylpicramide, 177, 182 
Methyltetryl, 147 
Methylurca, 322 
Methylurethane, 371 
Mettegang recorder, 16 
Mica, 61, 95, 194 
Mica dynamite, 194 
Milk sugar; Bee Lactose 
Milky grains, 316 
Minelite, 360, 361, 363 
Mineral jelly, 295, 296, 298; see also 
Vaseline 

Miner’s fuse, 12, 104 
Miner’s wax, 65 
Mines, 75, 97, 98 
naval, explosive for, 158 
Minimum initiating charge, 139, 182, 
183, 184, 189, 231, 412, 418, 421, 
434, 441 
Minium, 64 
Misfire, 456 
Moderant, 310 

Moisture, absorption of, by smoke- 
less powder, 313 fif. 

Moisture, effect on ballistics, 313 
Moisture in black powder, 47, 48 
Molecular compounds, 126, 135, 149, 
150 

Monoacetic, 222 
Monoacetin dinitrate, 222 
Monobel, 342, 351 

Monochlorohydrin mononitrate, 219 
Monoethanolamine, 224; see also 
Kthanolamine 
Monoformin, 222 
Monoformin dinitrate, 222 
Mononit roglycerin, 206, 215, 216, 217, 
218, 219 

Multipcrforatcd grains, 317, 318 
Munroc effect, 18 ff. 

Muriate of lime, 60 
Mustard gas, 14, 109 

N 

NC, 256; see also Nitrocellulose 



XG, 195; see also Nitroglycerin 
Nail test of detonators, 421 
Naphtha, 37, 355 
solvent, 145 

Naphthalene, 124, 129, 136, 154, 309, 
310, 333, 335, 350 
addition compound with mercuric 
nitrate, 163 
nitrated, 129, 154 ff. 

Naphthalite, 157 
Naphthol, beta, 120, 121, 122 
Naphthol pitch, 120, 121, 122 
Naphthylamine, 126, 150, 312 
Naphtitc, 156 

Nib-glycerin trinitrate; see Trimeth- 
ylolnitromethane trinitrate 
Nickel azide, 411 
Nickel picrate, 165 
Niperyth; sec Pentaerythrite tetra- 
nitrate 
Nipple, 89 

Niter; see Potassium nitrate 
Nitramines; see Nitroamines 
Nitrated sulphuret of potash, 31 
Nitrating total, 260 
Nitration by kneading, 121 
Nitric esters, 126, 191 ff., 229, 260, 
278, 333, 334, 341, 344, 345, 442 
Nitric oxide, 266, 267, 268, 269, 270, 
271,272 

Nitro compounds, 191 
Nitroamide, 369, 370, 373, 385, 387 
Nitroamines, 126, 191, 229, 269, 369 ff. 
Nitroaniline, 129, 178, 443 
Nitroaniline sulfate, 173 
Nitroanilines, comparative ease of 
nitration. 129 
Nitroarabinose, 240 
Nitrobenzene, 3, 125. 128, 133, 158, 
207. 242, 244, 296, 334, 335, 354, 
355, 398, 444 
preparation of, 133 
Nitrobenzenediazonium perchlorate, 
442, 443 

Nitrocellulose, 3, 4, 11, 21, 22, 125, 
152, 158, 170, 191, 245, 246, 256 ff., 
275, 281. 289, 290, 292, 293, 294, 
295, 297, 298, 299, 300, 313, 315, 
318, 319, 320, 326, 327, 329, 330, 
336, 343, 345, 349, 375, 388, 395, 
438 

decomposition in air, 307, 395 
decomposition in presence of sta- 
bilizers, 308, 309, 310, 311 
decomposition in vacuum, 266, 
267, 269 

destroyed by caustic soda, 280 
fibers, 261, 262 

high-grade, 259; see also Guncot- 
ton 

stabilization of, 263 ff., 328 
temperature of explosion, 210 
Nitrocinnamic acid, 398 
Nitrocotton; see Nitrocellulose 
Nitrocyanamide, 384, 386, 387 
Nitrodulcite, 238 
Nitroerytlirite, 235 
Nitroethyl nitrate, 228 
Nitrogen, determination of, in ni- 
trocellulose, 269 ff. 

Nitrogen dioxide, 267, 354 
Nitrogen selenide, 439 



Nitrogen sulfide, 3, 438, 439 
temperature of explosion, 411 
Nitroglucose, 241 

Nitroglycerin, 3, 4, 50, 184, 191, 
195 ff., 218, 219, 220, 221, 222, 
223, 230, 233, 235, 236, 237, 239, 
256, 258, 259, 281, 284, 292, 294, 
295, 296, 298, 299, 313, 318, 327, 
330, 331. 332, 333, 334, 335, 336, 
337, 338, 339, 341, 342, 343, 344, 
345, 346, 349, 350, 351, 352, 353, 
361, 364, 365, 388, 394, 444 
action of heat on, 197, 204 ff., 209, 
226 

Nitroglyceriii, boilitig point, 206 
te.st of, 2S5 
frozen, 212 If. 
headache, 209 
heat lc.st, 285 
index of refraction, 225 
manufacture, 202 ff., 212 
preparation, 200, 201 
sensitivity to shock, 209, 217, 226 
small lead block test, 217 
solubility. 207, 208 
specific gravity, 204 
temperature of explosion, 210 
temperature of ignition, 206 
Trauzl te.st of, 211, 217, 226, 239, 
285 

two forms of, 207 
vapor pressure, 204, 225 
velocity of detonation, 192, 193, 
194, 209, 210 

Nitroglycidc, 216, 217, 218, 219 
Nitroglycol, 193. 207, 223 ff., 226. 
228, 229, 233, 237, 281, 298, 336, 
337, 341 

Nitroguanidine, 3, 4, 269, 281, 299, 
324, 348, 369, 370, 373, 374, 375, 
378, 380 ff., 392 
decomposition by heat, 387 
erosive action of, SSS 
hydrochloride, 381 
nitrate, 381 

preparation of a-, 381, 382 
preparation of 383 
solubility in sulfuric acid, 383 
temperature of explosion, 388, 389, 
390. 391 
tests for, 384 
Nitrohexanot, 286 
Nitrohexanone, 286 
Nitrohydrene, 239, 240 
Nitroisobutanetriol trinitrate; see 
Trimethylolnitromethane trini- 
trate 

Nitroisobutylglycerin trinitrate; see 
Trimethylolnitromethane trini- 
trate 

Nitroisonitrosoacetic acid, 407 
Nitrolactose, 196. 240, 241, 242 

Nitromaltosc, 240. 211 
Nitromannite, 196, 198, 236 ff.. 421, 
442, 445 

erosive action of. 3S8 
temperature of explosion, 210 
Trauzl test. 211 
velocity of detonation, 194 
Nitromannose. 241 
Nitrometer. 177, 208 269, 296, 309, 
370, 371, 385. 395 



Du Pont. 271 IT. 

Lunge. 270, 271 

Nitromethane, 278, 283. 284. 407 
basic mercury salt, 411 
Nitronaphthalenc, 155 ff., 309, 310, 
354. 358, 359 
Nitropentanol, 286 
Nitropentanone, 285, 286 
Nitrophenol, 159 
Nitropoly glycerin, 226 
Nitroso group, introduction of 392 
Nitroaoacetaldehyde, 407 
Nitrosoamide, 392 
Nitrosodimethylanilinc, 150 
Nitrosofliphenylamine, 312 
Nitrosoguanidinc, 3, 383, 384, 391, 
392. 393 

preparation of, 391 
Nitrostarch, 192, 273 ff., 294, 336, 
349, 423 

Nitrosucrose, 239, 240, 241, 242 
Nitrosugar, 239, 240, 242, 247, 248, 
341 

Nitrotetrjd, 178, 179, 180 
Nitrotoluenc, 127, 142, 143, 147, 352, 
355 

Nitrourea, 370, 373, 374 

Nitrous acid, 192, 260, 279. 307, 308. 

392, 398, 407, 427, 430, 447 
Nitroxylene, 143, 153 
Nobel’s Safety Powder, 332 
Non-freezing (n. f.) dynamite, 125, 
130, 145, 215, 220. 222, 223, 234, 
235, 238. 239 

Non-hygroscopic powder, 317, 327 
Non-mercury snakes, 120, 121 
Non-picrate whistles, 73 

Non- volatile solvent, 297, 298, 299, 
317, 328 

O 

Oil, green. 129 
heavy, 129 
light, 129 
middle, 129 
Oil of curraway, 32 
Oil of mirbane, 125 
Oil of turpentine, 55 
Olefines, 199 
Oleum, 201, 202, 436 
Olive oil, 198 

Order of loading cofors, 69 
Orienting effect of groups, 127, 143, 
155, 178 
Orpiment, 55 
Ortliocarbonic ester, 375 
Oxalic acid, 137, 159, 208, 222, 228, 
246 

Oxalic ester, 394 
Oxanilide, 188, 326 
Oxinite, 229 
Oxonitc, 354 
Oxyliquit, 355 
Ozokerite, 333 

P 

}^ETN; see Pentaerj'thrite tetrani- 
trate 

:*al[n tr<?e effect, 99 




POOR MAN’S JAMES BOND Vol . 2 



482 



CHEMISTRY OF EXPLOSIVES 



Palm tree set piece, 58, 60 
Pundastites, 355 

Paper, nitrated, 245, 246, 247, 251 
Paper caps, 105, 106, 107 
Parachute, 78 
Paracyanogen, 119, 387 
Parade torches, 67 
Paraffin, 70, 71, 90, 118, 124, 167, 289, 
333, 336, 338, 350, 361, 364, 366, 
391 

Paraffin oil, 276, 2S9; sec also Hy- 
drocarbons, hea\y; also Petro- 
leum 

Paraldeliyde, 407 
Paranitraniline rod. 123 
Paranitraniline yellow, 123 
Parazol, 140 

Paris green, 64, 65, 67, 70, 81, 85, 86, 
122 

Pastilles, 93 ff. 
anti-hash, 326 
dahlia, 97 
diamond, 96, 97 
ordinary, 95, 96 
Pec tic acid, 274 
Pellet powder, 49 

Penta; see Pentaerythrite tetrani- 
trate 

Pentaerythrite, 278, 279, 280 
Pentaerythrite tetranitrate, 11, 12, 
266, 277, 278 ff., 286, 299, 395, 
396, 421, 454 
boiling point, 206 
in smokeless powder, 280, 281 
preparation of, 279 
sensitivity to impact, 280 
sensitivity to initiation, 280, 441 
sensitivity to temperature, 395 
Trauzl test, 280, 283, 438 
velocity of detonation, 280, 283, 
395 

Pentathionic acid, 438 
Penthrinit, 281 

Penthrite; see Pentaej-ythrite tetra- 
nitrate 

Pentryl, 199, 229 ff., 233 
Perchlorate explosives, 357 
Perchloric acid, 443 
Percussion, 9 
mixtures sensitive to, 402 
Percussion cap, 211 
Percussion primer, 453, 454 ff. 
Percussion sensitivity, 450 
Perdit, 364 

Perforated grains, 41, 49 
Perkoronit, 364, 365 
Permissible explosives, 335, 341, 
346 ff. 

Permitted explosives, 347 
Petral stone, 38 

Petroleum, 34, 35, 37, 53, 129, 199, 
275. 354, 356, 360, 361 
Petroleum ether. 242, 369, 371, 398 
Pharaoh’s serpents, 119, 120 
Pharaoh’s serpent s eggs, 120 
Phenetol, 170 

Phenol, 128, 129, 140, 141, 169, 2br. 

308, 355, 367, 371, 3S5, 398, 4 2 
Phenol sulfonic acid, 160 
Phcnolphthalein, 204 
Phenylcarbamic acid bmzyl est, r, 
322 

Phen>'Icarbamic ncid ethy? ester, P22 



Phenylcarbamic acid phenyl ester, 
322* 

Phenylenediamine, 265 
Phenylethanolamine, 229, 230 
Phenylhydrazine, 146 
Philosopher’s egg, 37 
Phlegmatization, 358, 365 
Phosgene, 140, 188 
Phosphoric acid, 357 
Phosphorus, red, 3, 66, 105, 106, 110, 
124, 454 

yellow, 78, 197, 403 
Phosphorus pentachloride, 140, 433 
Phosphorus pentoxide, 200, 201 
Picramic acid, 443 
Picramide, 132, 137, 138, 173 
Picrate compositions, 70, 71, 72 
Picrate whistles, 72 
Picric acid, 3, 5, 22, 126, 129, 131, 
138, 140, 154, 157, 158, 159 ff., 
169, 170, 173, 178, 181, 182, 189, 
233, 335, 354, 366, 394, 395, 420, 
443. 458 

boiling point, 206 
drop test, 231 

explosive power, 132, 133, 169, 172 
in pyrotechnics, 71, 72, 83, 121 
manufacture of, 160 
prepuration of, 161, 162 
sensitivity to initiation, 231, 412, 
418, 434, 446, 452 
sensitivity to shock, 138, 165, 172 
sensitivity to temperature, 6, 22, 
165 

small load block test, 231, 391 
smokeless tableaux fire, 72 
temperature of explosion, 210 
Picric acid, Trauzl test, 211, 231 
uses of, 11, 164. 166, 167, 168 
velocity of detonation, 139, 140, 
194, 232 

Picronaphthalcne, 353 
Picryl chloride, 134, 138, 140, 141, 
168, 171, 187, 371 
Picryl sulfide, 187 
Picry Ini troani line, 184 
Piezoelectric gauge, 23 
Pilot’s blue light, 67 
Pink lights, 64 
Pinwheels, 93 ff.. Ill 
Pipe, 93, 94, 111 
Piped match, 103 
Piperidine, 151 
Pitch, 34, 124, 361 
coal tar, 129 
naphthol, 121, 122 
roofing, 121 
Plastic explosive, 281 
Platinum, 430 
Platinum sulfate, 402 
Plumbic powder, 95, 96, 97 
Poaching, 263, 328 
Point fuze, 7 
Polyglyce;in, 222 
Potassium, 197, 402 
Potassium bicarbonate, 283 
Potassium carbonate, 5, 150, 251, 
252, 2.'3, 254. 400, 401 
PUassium chlorate, 3, 7, 59, 60, 61, 
62, 64, 35. 66. 67, 69, 70, 71, 72, 
73, 84, 85, 86, 104, 105, 106, 108, 
no, 1 2, 117, 119, 123, 183, 294, 



334, 349, 354, 355, 357, 358, 359, 
360, 366, 374, 416, 439, 453, 454, 
455, 456, 458 

Potassium chloride, 323, 324, 325, 
352, 353 

Potassium chromate, 166 
Potassium cyanide, 376, 408 
Potassium diohromate, 88, 289, 353, 
430 

Potassium ethylenedinitramine, 394 
Potassium ferrocyanide, 357 
Potassium fulminate, 4 11 
Potassium hytlrogen tartarate, 323, 
325 

Potassium hydroxide, 150 
Potassium iodato, 410 
Potassium iotlidc, 268, 409 
Potassium ioilidc heat test, 268, 285 
Potassium nitrate, 2, 28, 31, 32, 33, 
34, 35, 37, 38, 39, 40, 42, 45, 48, 
49, 50, 51, 52, 53, 55, 58, 60. 61. 
62. 64, 66, 67, 69. 72. 74. 75. 76, 
78, 79, 83, 85, 87. 88, 89, 90. 92, 
93. 95, 96, 97, 99, 100, 112, 117, 
118, 120, 124, 221, 252, 287, 289, 
290, 292, 297, 326, 331. 333, 334, 
345, 346. 350, 351, 352, 353, 388, 
391, 416, 455 

Potassium nitrocarbamate, 369 
Potassium perchlorate, 59, 65, 66, 
67, 68, 70, 83, 85, 86, 105, 110, 
117, 118, 119, 123, 158, 349, 359, 
364, 365 

Potassium permanganate, 105, 355, 
430 

Potassium picrate, 5, 63, 72, 294, 417 
Potassium thiocyanate, 120 
Poudre B, 258, 292, 294, 295, 297, 
308, 309, 313, 326 
erosive action of, 388 
Poudre Brug^re, 51 
Poudre N, 292 
Press cake, 47 
Prewash, 203 

Primacord-Bickford, 12, 13, 14 
Primary explosives, 2, 3, 14, 137, 372, 
391, 400 ff., 431 
densities of, 434 
velocities of detonatiem, 434 
Primer cap, 8, 9, 455 
Primer composition, 7, 65, 125, 358, 
409, 453, 455, 456, 458 
Primers, 400, 424, 439, 450, 453 ff. 
concussion, 454 
non-erosive, 458 
non-fulminate, 456, 457 
percussion, 454 ff. 
souring of, 456, 457 
Prismatic fountain, 90 
Prismatic grains, 41, 42 
Progi-essive burning powder, 313, 
317, 318, 319 
Promethees, 355 
Propagation of explosion, 10 
Properties of explosives, Iff, 

Propyl alcohol, 207, 407 
Propyl nitrate, 192, 195 
Propylene, 199, 234 
Propylene glycol dinitrate, 234 
Prussic acid, 387, 398 
Pull-crackers, 413 
Pulping, 254, 262, 263 



Pulverin, 45 
Pumice, 61 
Pumped stars, 99 
Pumps with stars, 79 
Purple of Cassius, 403, 404 
Purple torches, 67 
Pyridine, 244, 308, 367, 408, 444 
Pyrocellulose, 259 ff.. 289, 297, 299, 
312, 313, 31o, 316, 317, 321, 322, 
327 

Pyrodialyte, 360 

Pyrolusite (manganese dioxide), 66, 
118 

Pyronite, 175; see also Tetryl 
Pyroxylin, 251, 252. 257 
Pyruvic acid, 138 

Q 

Quick stabilization process, 264, 265, 
286, 328 

Quickmatch, 67, 69, 91, 92, 98 
Quinoline, 136 

R 

Rack-a-rock, 354 
Raffinose, 244 

Ruffinose hendecanitrate, 244 
Railway fusees, 65 
Railway torpedoes, 109, 110 
Raschig's white blasting powder, 60 
Rate of burning, 293 
Reactivity, 3 
Realgar, 52, 64, 69, 83. 87 
Red fire, 61, 64, 71, 72 

Red gum, 64 . 65, 66. 67, 86, 87, 90, 
118, 119 

Red lances, 69, 70 
Reil lights, 64, 65, 69, 71, 72 
Red smoke, 122, 123 
Red stars, 84, 85, 86 
Red torches, 67 

Reenforcing cap, 231, 414, 420, 432, 
434. 446, 452 
Residee, 360 

Residual solvent, 313, 314, 315 
Resorcinol, 169 
Rlmmnose, 243 
Rhaninose tetranihale, 242 
Rhamnose tnnitrale, 243 
Rhodaminc red, 123 
Rice hulls, 340 
Rivets, explosive, 450 
Rocket, 34, 35, 44, 53, 56, 61, 63, 
73 ff., 83. 84, 86, 87, 88, 89, 111 
Rocket composition, 74 ff. 

Rocket head, 74, 75, 77. 78, 122 
Rocket specifications. 78 
Koc;ket spindle, 73, 75 
Rodman gauge, 23 
Homan candle, 33, 44, 53. 56, 63, 
79 ff., 83, 97, 98. 99 
Roman candle composition, 78, 79, 
80, 81. 99. 102 
Roman fuse, 100 
Roofing paper, tar, 118 
Roofing pitch, 121 
liosanilinc, 290 
Rose lances, 58- 
Rose stars, 85 

Rosin, 333, 334, 336. 345, 350, 360 
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oxidized, 360; see (dso Resiilee 
Rule of Crum Brown and Gibson, 
moilified, 127, 133, 141 
Russian Ore, 60 
Rye meal, 346 

S 

Safety fuse, 12 

Sul uminoniuc, 65, 67, 400, 401; see 
also Ammonium chloride 
Salicylic acid, 258 

Salt, common (so4lium chlorhlo), 
60, 204, 365 

Saltpeter; see Potassium nitrate 
Salutes, 117, 358 
Sand, 66, 124 

Sand test, 23, 1S4, 189, 194, 233. 417, 
418, 419, 422, 423, 424, 432, 433, 
445, 446, 449. 451 
Sand test bomb, 422, 423 
Sarcocolla, 34 
Saucissons, 97, 98 

Sawdust, 65, 66, 105, 251, 334, 335, 
340, 351 
Saxons, 92 

Schneiderite, 45, 157, 173, 367 
Scratch mixture, 66 
Sebomite, 360 
Selenium chloride, 439 
Sensitivity, loss of, 344 
Sensitivity to impact, 21, 138, 157, 
165, 168, 184, 192, 209, 221, 226, 
227, 230, 231, 233, 242, 280, 336, 

354, 358, 366, 367, 394, 395, 398, 
402, 437, 442, 445, 449, 451 

Sensitivity to initiation, 182, 183, 
184, 186, 192, 195, 217, 227, 231, 
235, 280, 337, 343, 344, 349, 364, 
366, 367, 398, 399, 412, 417, 419, 
431, 437, 449 

Sensitivity to shock, 3, 71, 72, 130, 
157, 167, 168, 209, 217, 223, 233, 
235, 238, 240, 282, 334, 343, 354, 

355, 356, 364, 366, 392, 394, 410, 
412, 425, 431, 439 

Sensitivity to temperature, 3, 21, 
165, 189, 193, 197, 217, 219, 226, 
231, 233, 238, 280, 282, 366, 392, 
394, 399, 405, 411, 412, 442, 449, 
452 

Sensitizer, 336, 424, 440 
Serpent mine, 75, 97 
Serpents, 56, 74, 75, 97, 98 
Setback, 8, 9. 71, 144 
Shellac, 64, 65, 67, 68, 69, 70, 72, 81, 
83, 84, 85, 86, 119, 455, 456 
Shells, aerial, 44, 56, 63, 81, 82, 83, 
86, 87, 88, 100 fr.. Ill 
Shells, explosive for. 9, 129, 130, 133, 
138, 140, 154, 157, 158, 164, 

167, 173 

Shimose, 159; see also Picric acid 
Showers, 53 
Shrapnel, 43 

Silesia explosive, 358, 360 
Silica, 193, 194 
Silica gel, 140 

Siliceous earth, 198, 331 ; see also 
Fuller’s earth 
Silk, 7, 164, 326 
Silver, 429 



Silver acetate, 384 
Silver azide, 183, 420, 427, 430 fT., 448 
minimum initiating charge, 412, 
431, 441 

temperature of explosion, 411 
Silver catalyst, 277 
Silver chloride, 402 
Silver cyanamide, 376, 448 
Silver ethylenedinitramine, 394 
Silver fulminate, 106, 107, 183, 412, 
413 

preparation of, 405 
temperature of explosion, 411, 412 
Silver nitrate, 401, 404, 405, 447 
Silver nitrite, 427 
Silver oxalate, 3 
Silver oxide, 401, 402 
Silver picrate, 170 
Silver potassium fulminate, 413 
Silver rain, 58 
Silver sliowers, 87, 97 
Silver streamers, 87 
Silver tartarate, 3 
Silver torpedoes, 106, 107 
Single-base powder, manufacture of, 
299 

Siphon, 33 
Slowmatch, 97 

Small load block test (lead block 
compression test, lead block 
crushing test), 24, 25, 192, 217, 
231, 341, 342 
Smoke, black, 124 
colored, 122, 123 
Smoke, gray, 123, 124 
white, 123 

Smoke boxes, 124, 368 
Smokeless powder, 2, 4, 7, 22, 41, 42, 
49, 50, 125, 152, 236, 240, 265, 
287 ff., 375, 454 
heat tests of, 268 
temperature of ignition, 21 
Smokeless tableaux Ares, 71 
Snakes, 119ff. 

Snakes-in-the-grass, 120 
Snowball sparklers, 99, 117 
Soap, 198 

Sodamide, 426, 428, 429 
Sodium, 78, 402, 428 
Sodium acetate, 185, 447 
Sodium azide, 425, 428, 429, 432, 436 
Sodium bicarbonate, 70, 174 
Sodium carbonate, 61, 133, 150, 174, 
181, 184, 185, 189, 282, 263, 353 
Sodium chlorate, 359, 361, 364, 366 
Sodium chloride, 60, 204, 325, 351, 
352, 353 

Sodium cresol sulfonate, 50 
Sodium cyanide, 312, 408 
Sodium dichromate, 135 
Sodium fulminate, 408, 411 
Sodium hydrogen sulhte, 149, 174 
Sodium hydroxide, alcoholic, 312 
Sodium hypochlorite, 427 
Sodium nitrate, 49, 50, 166, 221, 242, 
254, 275, 276, 331, 333, 334, 339, 
341, 342, 345, 346, 352, 353, 365, 
366, 367, 368 

Sodium nitrate powder, 45, 49 
Sodium nitrite, 181, 428, 430, 443, 
447, 448, 449 



Sodium oxalate, 64, 60, 70, 85, 86, 
87, 89 

Sodium picrate, 63, 165, 181, 184 
Sodium polysulBde, 146, 173 
Sodium sulfate, 61, 284, 353, 408 
Sodium sulfite, 144, 145, 146, 199, 
222 

Sodium thiocyanate, 120, 408 
Sodium thiosulfate, 187, 408, 409, 
410 

Solvent recovery, 304, 305, 307 
Sorbite, 236. 238 
Sorbosim trinitrate, 243 
Sorbose, 243 
Sour boiling. 264, 328 
Souring, S3 

Sparklers, 117, 118, 119 
Splicing of cordeaii. 12, l3 
Splitter stars, 99 
Spreader stars, 87. 88, 99 
Sprengel explosives, 133, 353 ff., 358 
Stability, 3 

affected by nitro groups, 284 
Stability tests, 22, 269 
Stabilization of nitrocellulose, 254, 
255, 260, 261 ff. 

Olsen’s quick process, 264, 265, 
266, 328, 329 

Stabilizers, 158, 239, 240, 276, 289, 
296, 307 ff., 320, 373 
Stamp mill for black powder, 44 
Star, 53, 55, 56, 62, 71, 72, 74, 78, 79, 
80, 81 ff., 89, 97, 98. 102 
Star mold, 82 
Star plate, 82 
Star pump, 79, 81, 88 
Starch, 245, 246, 251, 256, 257, 273, 
274, 289, 327, 329, 333, 334, 358, 
360, 409, 425 
nitration of, 274, 275 
Suiting fire, 65, 69, 122, 123 
Steam-air-dry process for double- 
base powder, 307 
Stearic acid, 368 

Stearine, 64, 65, 70, 122, 124, 167, 333 

Steel effect, 92, 93 

Steel filings, 55, 57, 58, 89, 93, 118 

Steel gerbs, 89 

Steel wool, 95 

Steelite, 360 

Still process for making bulk pow- 
der, 280, 290 
Stone of Tagus, 37 
Stone of Union, 38 
Straight dynamite, 332, 333, 334, 337, 
338 ff., 343, 352. 356, 357 
Street explosives, 358 
Strength of dynamite, 338, 339, 341, 
345 

Strepta, 33 
Strontium azide, 411 
Strontium carbonate, 61, 67, 69, 72, 
84, 85, 86 

Strontium chlorate, 86 
Strontium chloride (muriate), 60 
Strontium nitrate, 60, 61, 62, 64, 65, 
66, 67, 68, 69. 71, 72, 85 
Strontium oxalate, 85 
Strontium picrate, 63 
Strontium sulfate, 70, 84 
Styphnic acid, 169, 440 
Sublimate, corrosive, 55 



Succession of color, 69 
Sucrose octonitrate, 242 
Sugar, cane, 01, 64, 239, 240, 247, 333, 
334, 350, 358 

Sugar, nitrated mixtures, 238 
Sulfur (brimstone), 2, 28, 31, 34, 

37, 38, 30, 40, 42, 45, 48, 52, 

65, 58, 61, 62, 64. 65, 66, 67, 

69. 70, 76, 78, 79, 83, 84, 85, 67. 
88, 89, 92, 93, 97. 99, 100, 104. 
105, 112, 117, 118, 124, 254, 276, 
333, 334, 336, 340, 341, 345, 350, 
357, 358, 388, 401, 402, 453, 454, 
455, 456, 457 

Sulfur ohloride, 220; s4e aUo Disul- 
fur dichloride 
Sulfur dichloride, 438 
Sulfuryl chloride, 395 
Superattenuated ballistite, 327 
Sweetie barrel, 290, 291 

T 

TNA, 173, 417; see also Tetranitro- 
aniline 

TNB, 134; see also Trinitrobenzene 
TNT, 141; see also Trinitrotoluene 
TNT oil, 145 

TNX, 153; see also Trinitroxylene 
T4, 396; see also Cyclonite 
Table fireworks, 93 
Tagus, stone of, 37 
Tartar, 34 

Temperature of explosion, 24, 43, 
50. 182. 210, 347, 348. 350, 351. 
353. 364, 365, 366, 394, 405, 411, 
424, 435, 436, 441, 442 
Temperature of ignition, 21, 22, 
165, 206, 446 

Temperature of inflammation of 
carbon monoxidc-air mixtures, 
325 

Tetraamylose, 244 
Tetraamylose octonitrate, 244 
Tetracene, 3, 238, 383, 421, 441, 
446 ff. 

Tetralite, 175; see also Tetiyl 
Tetramethylbenzidine, 179 
Tetramethylolcyclohexanol pentani- 
trate, 286 

Tetramethylolcyclohexanone tetra- 
nitrate, 286 

Tetramethylolcyclopentanol pen- 
tanitrate, 285, 286 
Tetramethylolcyclopentanone tet- 
ranitrate, 285, 286 
Tetramethylurea, 322 
Tetranitroaniline, 129, 134, 137, 173, 
174, 175, 178, 186 
sensitivity to initiation, 231, 418, 
434, 446, 452 

Tetranitroazoxybenzene, 136 
Tetranitrobiphenyl, 159 
Tetranitrocarbanilide, 189 
Tetranitrodiglycerin, 222, 223, 341 
Tetranitrodimethylbenzidinedinitra- 

mine, 180 

Tetranitrodiphenylamine, 186 
Tetranitrodiphenylethanolamine, 230 

232 
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Tetranitrohydrazobenzene, 189 
Tetranitromethan^, 126, 144 
Tetranitromethylaniline, 175 
Tetranitronaphthalene, 156, 157, 349 
Tetranitrophenylmethylnitraminc, 
178 

Tetraphenylurea, 322 
Tetrazolyl azide, 447 
Tetryl, 3, 22. 131. 141. 175 ff.. 1S4. 
233, 269, 276, 284, 308. 350, 370, 
371, 394 , 305, 421, 424, 425, 437, 
449, 450, 454, 455 
drop tpst, 209, 231 
explosive power, 175, 182 
munufiieturc of, 176 ff. 
preparation of, 177 
reactions of, 177, 181, 182 
sand test, 446 

sensitivity to initiation, 183, 231, 
280. 412, 434, 437, 446. 452 
sensitivity to shock, 138, 165, 182, 
186 

sensitivity to temperature, 22, 165 
small lead block test, 231 
solubility, 181 
Trauzl test, 211, 231, 438 
uses of, 10, 166, 167 
velocity of detonation, 140, 232, 
283 

Thallium azide, 412 
Thallium fulminate, 411, 412 
Thallium picratc, 168 
Thionyl chloride, 376 
Thiophenol, 208 
Thiourea, 375, 376, 377 
Thorium oxide, 180 
Time-train rings, 6, 8, 45 
Tin, powdered, 323 
Tin cordeau, 11, 164 
Tinfoil, 120 

Tissue paper, nitrated, 258 
Tolite, 141; see also Trinitrotoluene 
Toluene, 127, 129, 130. 131, 135, 140 
solvent, 158, 207, 330 
Toluene addition compound with 
mercuric nitrate, 163 
Toluidine. 150 
Torches, 63 
Torpedo board, 106 
Torpedoes, Globe, 107, 108, 109 
Japanese, 106, 107 
naval, 20, 401 
railway, 109, 110 
silver, 106, 107 
toy, 400, 413 
Total volatiles, 313. 314 
Tourbillipn, 75 
Toxicity, 125, 184 
Toy caps, 105, 106, 400 
Transition of ammonium nitrate, 50 
Trauzl test, 24 ff., 192, 195, 210, 211, 
217, 218, 219, 221, 223, 225, 226, 
231, 233, 234 . 235, 242. 280, 281. 
283, 285, 340, 341, 342, 344, 353, 
356, 357, 364, 365. 366. 368, 438, 
446; sec aho Lead block com- 
pression test 
Trehalttse, 244 
Trehalose octonitrate, 244 
Trempage, 305, 306 
Triamylose, 244 
Triamylose ennoanitrate, 244 



Triamylose hexanitrate, 244 
Triazonitrosoaminoguanidine, 447 
Trichloroaniline, 436 
Trichlorobenzene, 436 
Trichloromethyl group, 127 
Trick cigars, 413 
Triethanolamine, 224 
Trilite, 141; see also Trinitrotolu- 
ene 

Trimethylaminc, 454 
Trimethylene glycol, 233, 234 
Trimethylene glycol dinitrate, 207, 
233, 234, 237 

Trimethylolnitromethane trinitrate, 
2S3, 284, 285 
Trinal, 158 

Trinit roaminophcnol, 174 
Trinitroaniline (picrumide), 132, 137, 
138, 173, 189 

Trimtroanisol, 138, 169 ff. 
preparation of. 171 
sensitivity to initiation, 412 
Trinitrobenzaldehyde, 150 
sensitivity to initiation, 446, 452 
Trinitrobenzene, 125, 130, 134 ff., 
144, 145, 158, 182, 281 
boiling point, 206 
explosive power, 132, 133 
manufacture of, 134, 140 
preparation of, 135 
reactions of, 136 ff. 

Trinitrobenzene, sensitivity, to im- 
pact, 138 

velocity of detonation, 139 
Trinitrobenzoic acid, 134, 135, 138, 
144 

Trinitroerhiorobenzene (pierjd chlo- 
ride), 134, 140 

Trinitrocresol, 147, 163, 166, 169, 170 
explosive power, 132, 133 
velocity of detonation, 139, 140 
Trinitrodiphenylamine, 181, 312 
Trinitroglycerin, 191; see aUo Ni- 
troglycerin 

T rinitromesity lene, 132 
Trinitromethylaniline, 177 
Trinitronaplithalene, 132, 133, 155, 
156, 157, 158, 308, 350, 367, 391 
Trinitrophenetol, 169 ff. 

Trinit rophenol, see Picric acid 
Trinitrophenoxyethyl nitrate, 227 
T rinitropheny Ibutylnitramine, 183 
Trinitrophenylenediamine, 174 
Trinitrophenylethylnitramine, 183 
Trinitrophenylmethylnitramine, 175 
Trinitrophenylmethylnitraminophe- 
nol, 178 

Trinitrophcnylnitraminoethyl ni- 
trate (Pentryl), 229 
Trinitroresorcinol, 132, 174; see aUo 
Styphnic acid 

sensitivity to initiation, 231, 446, 
452 

Trinitrostilbene, 151 
Trinitrotoluene (TNT), 3, 4, 9, 10, 

12, 13, 14, 20, 21, 22. 125, 126, 
130, 134, 141 ff,, 154, 157, 168, 
174, 175, 182, 183, 184, 187. 188. 
189, 208, 233, 276, 280, 281, 322, 
336, 352, 364. 365, 367, 368, 391, 
394, 395, 420, 421, 433, 454. 456 



boiling point, 206 
density, 153 
drop test, 231 
explosive power, 132, 133 
manufacture of, 142, 144, 145 
oxidation of, 135 
preparation of, 148, 149 
Trinitrotoluene (TNT), reactions of, 

150, 151, 152 

sensitivity to initiation, 183, 231. 
412, 418, 419, 431. 434, 437, 446, 
452 

sensitivity to shock, 10, 11, 21, 
130, 138. 165, 186 
sensitivity to temperature, 6, 22, 

151, 152, 165 

small lead block test, 231 
solubility. 152 
Trauzl test. 211, 231, 438 
uses of, 9, 11, 12, 130, 166, 173 
velocity of detonation, 11, 12, 
14 ff., 139, 140, 172, 232, 283, 368 
Trinitrotolylmethylnitramine, 147 
Trinitrotriuzidobenzene, 436 
Trinitrotrichlorobenzene, 436 
Trinitroxylene, 125, 130, 143, 144, 
145, 153, 154, 336, 367 
explosive power, 132 
sensitivity to initiation, 412 
Triphenyl phosphate, 321 
Triphenylurea, 322 
Tritol, 141; see also Trinitrotoluene 
Triton, 141 ; see also Trinitrotoluene 
Tri-Trinal, 158 
Trojan explosive, 275 
Trotyl, 141; see aho Trinitrotolu- 
ene 

Truck signal lights, 65 
Turning sun, 58 
Turpentine, 55, 355 
Twinkler, 78, 87 

U 

Ultramarine, 122 

Urea, 188, 192, 265, 276, 279, 308, 
328, 372, 373, 374, 376, 377, 386, 
387 

substituted, 265, 319, 320, 321, 374 
manufacture of, 372 
Urea dearrangement, 373, 384, 385, 
386, 392 

Urea nitrate, 372, 373 
Urethane, 369 

Urotropine, 397 ; see aho Hexa- 
methylenetetramine 
Utilization of coal tar, 129 
Utilization of formaldehyde, 276 ff. 

V 

Valerianic acid, 308 
Vapor of pearl, 37 
Vaseline, 289. 295, 361, 388 
Vegetable meal, 364 
Velocity of detonation ; see De- 
tonation, velocity of 
Verdigris, 55, 57 
Vermilion, 122 
Violet lances, 70 
Violet stars, 84, 85 



Viscosity, effect on explosive prop- 
erties, 192, 194, 219, 223, 234 
Volatile solvent, 327 
powder containing, 297, 298, 299, 
317 

recovery of, 304, 305, 307 
Volcano snakes, 120 

W 

Water-dried powder, 313 
Water-diying, 305, 306, 307, 316 
Water fireworks, 56 
Water gas, 277 
Water glass, 108, 253 
Web thickness, 8, 299 
Whale oil, 199 
Wheel cake, 46 
Wheel mill, 45, 46, 51, 290 
Wheels, pyrotechnic, 91, 92 
Whistling fireworks, 72, 73 
Whistling rockets, 72 
White fire, 61, 64, 71, 118 
White lances, 58, 69 
White lights. 64, 68. 71 
White powder, Augendre’s, 358 
Raschig’s, 50 
White smoke, 123 
White stars, 83 
Willow tree, 86 
Wing-tip flares, 68 
Wire dips, 119 
Wood cellulose, 259 
Wood distillation, 276 
Wood fiber, 256 

Wood meal (wood flour), 65. 239, 
281, 333, 334, 341, 342, 345, 346, 
352 

Wood pulp, 3, 242. 333, 334 , 339, 
340, 341, 345, 351, 356, 425 

X 

Xylene, 128, 129, 130, 153, 398 
solvent, 182 

Xylene sulfonic acid, 153 
Xyloidine, 245, 246, 247, 251, 252, 
274 

Xyloson dinitrate, 242 
Xylose, 242 

Xylose tetranitrate, 242 
Xylose trinitrate, 242 

Y 

Yellow fire, 61, 71 
Yellow lances, 58, 63, 70 
Yellow lights, 64, 71, 78 
Yellow powder, 31 
Yellow sand, 57 
Yellow smoke, 123 
Yellow stars, 63, 85 
Yellow twinider, 87 

Z 

Zinc, 61. 429 

Zinc azide, 411 

Zinc chloride, 123 

Zinc dust. 83, 87, 88, 383, 384, 392 

Zinc filings, 57, 58 

Zinc oxide, 276, 341 

Zinc picrate, 63, 164, 165 
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